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PREMIUMS FOR 1866. 



At the Meeting of the Society on January 2l8t, 1867, Pre- 
miums of Books were awarded to : — 

Thomas Cargill, for his Paper " On the Six-way Bridge, 
Place de FEurope, Paris." 

Abthur Jacob, for his Paper " On Reservoirs and Embank- 
ments." 

Carl R. von Wessely, for his Paper " On Arched Roofs/ 
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SOCIETY OF ENGINEERS, 



RULES AND BYE^LAWS, 



g^S'*,^' The Society of Engineers is established for the 

advancement of Engineering Science and Practice, 

The Election of Members, &c. 

cioMes^^' 1. The Society shall consist of three classes — ^Members, 
Associates, and Honorary Members. 

SrStob?^ 2. Members shall be Gentlemen who are or have been 
engaged professionally in Engineering pursuits, and 
shall be above twenty-five years of age. 

SiNUsSftSs. 8. Associates shall be Gentlemen of scientific attain^ 
ments, or those whose pursuits constitute direct or 
collateral branches of Engineering, 

2S?^ hSSSi 4. Honorary Members to be nominated by the Council, 
»ry em rs. ^^^ ^^ excccd twenty in number, who shall be Gen- 
tlemen of distinguished attainments. 

Eiectioi 5« Members and Associates to be elected by ballot ; one- 
third black balls to exclude. The ballot to take place 
at the first Meeting in each month. No Candidate to 
be re-balloted for within twelve months. 

PropcJwdf 6. Candidates to be proposed by a Member or an Asso- 
ciate of the Society, and recommended by at least 
three others, on a proposal form, stating the Candidate's 
qualifications, or the works upon which he has been 
engaged, which is to be forwarded to the Honorary 
Secretary at least seven days before any Ordinary 
Meeting. Candidates to be announced at an Ordinary 
Meeting, and to be balloted for at the succeeding 
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ballot. In the case of non-election, no mention is to 
be made thereof in the miimtes, nor any notice given 
to the unsuccessful Candidate. 

MeSSi*™ and 7. No Member or Associate to be expelled without the 
AssociatoB. consent of at least tluree-fourths of the Members and 

Associates present, or by proxy, at a Special General 

Meeting, called for such purpose. 

vwtow. g^ Members and Associates to have the privilege of 
issuing cards of invitation for two visitors at each 
Ordinary Meeting. 

Rules for the Election and Proceedings of 
Council and Officers. 

Election. 9. The Officers of the Society to be elected at the General 
Meeting in December, each year, by ballot. The 
year of office being from the 1st of January to the 
31st of December. 

The Founders. The Founders of the Society, "K. M. Christie and 
H. P. Stephenson, Esqrs.," to be permanent Members 
of Council. 

o^*S! *" 10* The Officers shall consist of a Council of twelve Mem- 
bers, the Foundei's, the Past Presidents of the Society, 
the Honorary Secretary and Treasurer, the Auditor, 
and the Secretary. The Past Presidents to be limited 
to six, to retire by seniority, but to be eligible for 
re-election on the Council. The Founders, the Past 
Presidents, and the Honorary Secretary and Trea- 
surer, shall be ex-officio Members of the Council. No 
Member can be elected on the Council unless he is 
or has been bofid Jide engaged professionally in Engi- 
neering pursuits. 

aS?.*^' !!• A Member (not being one of the Council) to be 
elected as Auditor, who shall make his report at the 
first Ordinary Meeting in each year.^,,,,,^Google 



Quonnn. ^2. Four Members, to be a quorum ; the President to 
have the casting vote. 

Presid^t 13. The CouncU to elect their President and Vice-Pre- 
sident by ballot. 

o/cSdrat 1*. In the absence of the President at any Meeting, the 
Vice-President shall take the chair, or in his absence 
a Member of the Council. 

^*^Sd?®°*15. The Council shall have the sole management of the 
funds, and the entire superintendence of the Society. 

f^^tw 16- The Council shall select the subjects and papers to be 
Diacuaaion. ^^ ^^^ discusscd at the Ordinary Meetings. Mem- 

bers and Associates wishing to read a paper, or who 
wish to have a particular subject discussed, must 
notify the same to the Council. Authors to be entitled 
to fifty copies of their Papers upon the publication of 
the Papers in the Transactions of the Society. 

Si^uiof 17. A Special Meeting of the Council shall be called on 
^^ the requisition of three of its Members. 

S'cSSSl* 18. The Council to retire each year, but to be eligible for 
re-election. 

mmJ^*^ 19. The Council resigning office shall prepare a list of 
proposed new Officers, which shall be sent to each 
Member and Associate with the notice of the Annual 
General Meeting, at least fourteen clear days before 
the date of such Meeting. 

J^^to 20. Any Member offering himself for election on the 

on connciL Couucil, must givc in his name to the Council on or 

before the first Ordinary Meeting in November. The 

name of such Member shall be appended to the List 

proposed by the Council. 

SSfn^a ""^ 21. Members and Associates who do not attend the General 
Meeting should forward the above-named List to the 
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Honorary Secretary, with such alteration in the name, 
as they desire, which, with those from the Members 
and Associates present, shall be handed to two 
scrutineers appointed by the President of the Meetings 
who shall ascertain the number of votes obtained by 
each Member ; and the President of the Meeting shall 
make known the result to the Meeting. 

of*vS2; 22. In case two or more Members have the same number of 
votes, the election of such Members to be decided by lot. 

Mto^ ^^ 23. The scrutineers to reject all balloting-lists not properly 
"^ fiUed up. 

rS^Ld 24. The Honorary Secretary and Treasurer shall keep the 
Acconnta. funds and accounts of the Society, which shall be open 

for the inspection of any Member or Associate. 

coSSST*" 25. The Council to fill up any vacancy that may occur in 
the Council or Officers between the Annual General 
Meetings. 

Subscriptions, &c. 
fSm^ 26. -^ entrance fee of two guineas to be paid by resident 
Members, or those residing within a radius of twenty 
miles of the General Post-Office; and an entrance 
fee of one guinea by Associates residing within the 
same radius. An entrance fee of one guinea and a 
half to be paid by non-resident Members, or those 
residing beyond the above radius; and an entrance 
fee of fifteen shillings by non-resident Associates. 
The entrance fees to be paid on election. 

^!S!Srip- 27. The annual subscriptions to be paid by resident 
Members to be two guineas, and by resident Associates 
one guinea. The annual subscription to be paid by 
non-resident Members to be one guinea and a half, 
and by non-resident Associates fifteen shillings. These 
subscriptions are to be paid in advance ; they are due 
on the 1st day of January in each year^ byCjOOglC 



M^ben. 28. Life Members shall pay two guineas entrance fee, and 
twenty guineas for life subscription. Members shall 
have the option of becoming Life Members by paying 
twenty guineas. 

KemiSfn 29. Members and Associates residing permanently out of 
the United Kingdom shall be called Foreign Members 
and Associates, and shall pay one guinea entrance fee, 
and one guinea annual subscriptA)n« 

MdAiso. 80. -^7 Member or Associate joining the Society shall 

daSMjofniDg. p^y Y^ entrance fee, and first yearns subscription, 

previous to receiving the benefits of the Society, 

which shall be considered as paid only to the 31st of 

December ensuing. 

tiOTtovSteT 31- Members and Associates whose subscriptions are 
unpaid are not qualified to vote. 

^^^ 32. Members or Associates whose subscriptions are in 
^rmr. arrear for two years, to be struck off the register of 

the Society, but to be still liable for the amount due. 

Meetings of the Society. 

(MOaarf gg^ The Ordinary Meetings shall be held on the third 
Monday in Jannaiy, and the first and third Mondays 
in February, March, April^ the first Monday in May, 
the first and third Mondays in October, November, and 
December, unless otherwise specially ordered by the 
Council. The Chair to be taken at i past 7 o'clock, p.m. 

ggSSi 84. A Special General Meeting ."^f the Society shall be 
called on the requisition of eight of its Members, who 
shall send to the Council the resolutions to be proposed 
by them at such Meeting, and these resolutions shall 
be printed and sent to the Members and Associates 
fourteen clear days before the date of such Meeting. 
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mStoV 35* The President of the Meeting to have the power of 
Diacnaiioii. directing the manner of discussion. 

SteSS, 36. There shall be a General Meeting held within the 
first fortnight of December in each year, to elect the 
Officers of the Society for the ensuing year. 

p^f^^ 37. Members and Associates are entitled to vote by proxy, 
on properly stamped papers. 

MeeSngi. 38. At the commencement of each Session a Card shall 
be sent to each Member, Associate, and Honorary 
Member, giving the dates of all Meetings to be held 
during the Session. 

BMtoesa. 39. The Honorary Secretary, or the Secretary, shall com- 
mence the proceedings of each Meeting by reading 
the Minutes of the one preceding, and the names of 
the Gentlemen proposed for election. 

Sp pi"*S 40. Premiums, not exceeding in value the sum of Twenty 
Pounds, may be given annually for the best Papers 
read during the year. The decision to be left to the 
Coimcil, who are disquaUfied from receiving premiums. 

o?Pt!^^'' 41. Members proposing to read a Paper, to forward a copy 
of the same, written in the third person, for examina- 
tion by the Council, to the Honorary Secretary, who 
will arrange the day for reading the same. The 
Society to have the right of publishing the Paper. 

tioM^**^' 42. Members and Associates are entitled to a copy of the 
Transactions of the Society on their publication, for the 
years for which they have paid their subscriptions. 

Certiflcatet. ^g^ Certificates to be given to Members and Associates 
after having been duly elected. 

^/bSwI?" 44. No alteration to be made in the above Rules and 
Bye-Laws without the sanction of a Special Meeting 
called for that purpose. 
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LIST OF MEMBERS, &c. 



or 



THE SOCIETY OF ENGINEERS, 

APRIL, 1867. 



PAST PRESIDENTS. 

Geobob WiLUAV Allak 1857 

Henbt Pallet Stepheiison 1856 and 1859 

RoTTLAKD Mason Ordish 1860 

Jambs C.Amos 1861 

Edward HiLET 1862 

EoBEBT MonBO CausTiE 1858 and 1863 

Charles Llewellyn Liout 1864 

William Thomas Carrinoton 1865 

ZerahColburn •». 1866 
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HONORARY MEMBERS. 



Elected. 
1867 



1867 

1866 
1867 

18G5 
1867 

1867 

1867 

1867 

1867 

1865 

1867 

1867 
1867 

1867 



NAME. 

John Couch Adams, M.A. 
D.C.L.,F.E.S. 



Lowndean Professor of Astronomy and 
(Geometry, UnlTersity of Cambridge. 

Geoege Biddell Aiet, M.A., 
D.C.L., r:R.S 

Astronomer BoyaL 

Henbt Besseker 

SiE David Bbewstbe* K.H., 
D.C.L., F.R.S 

Prindpal and Ylce-Cbanoellor of the 
TTnhrersity of Edlnborgh. 

William Fairbaien, LL.D., 
F.E.S., Mem. Inst. C.E 

Eugene Flachat 

President de la Soc\4x£ des Ingfeleurs 
CiTils Franfaise. 

F. Grashop 

Director des.Verelns Deutscherlngenienpe 

SiB John Fbbdebick William 
HEB8CHEL,Bart., K.H., D.C.L., 
F.R.S 



HoBEBT N APiEB, Mem. Inst. C.E. 

John Penn, F.R.S., Mem. Inst. 
p.E ••••• 

John Pebcy, M.D., F.R.S., 
F.G.S 

Professor of MetaUurgy in the Royal 
School of ^nee. 

Lyon Platpaib, C.B., Ph. D., 
F.R.S 

Professor of Chemistry, University of 
Edinborgh. 

William Pole, F.R.S., Mem 
Inst. C.E 



Professor of Civil Engineering In Uni- 
versity College, London. 

William John Macquorn Ran 
KiNB, LL.p., F.ILS. 



Professor of CivU Engineering and 
Mechanics, University of Glasgow. 

Joseph Whitwobth, LL.D., 
F.R.S., Mem. Inst. C. E. .., 



Address. 
The Observatory, Cambridge 

The Royal Observatory, Greenwich, S.E. 
Queen Street Place, Cannon Street, E.C.. 
Edinburgh and Allerly, Roxburghshire 

Manchester 

9, Rue Moncey, Paris 

Carlsruhe, Baden, Germany 

Collingwood, near Hawkhuist, Kent 

West Shandon, Helensburgh, Dumbartonshire 

The Cedars, Lee, Kent, S.E. 



Museum of Economic Geelogy, Jennyn Street, 

S.W. 



14, Abercromby Place, Edinburgh 
AtheniBum Club, S.W. i 

69, St. Vincent Street, Glasgow 
The Firs, Fallowfield, near Manchester 
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LIFE MEMBERS. 



Elected 
1860 

1864 

1864 

1865 

1863 

1865 

1860 

1863 

1866 

1862 

1856 

1864 

1859 

1863 

1858 

1864 

1864 

1865 



NAME. 
Anderson, George .. 



Bailue, Robert ., 

Baillie, Jonathan Robert , 

DiECKS, Henry 

Fbbrae, William G , 

Gbafton, John 

HuBST, John Thomas 

HuTTON, Damton 



Macgeoege, William .... 
Member of Council, 

Olbick, Lewis 

Oehiston, Thomas 

Owens, Samuel 

Faddon^ John Birch .... 
Papengouth, Oswald C. . 
Rumble, Thomas W. .... 

West WOOD, Joseph 

Westwood, Joseph, Jun. 
Young, Charles Denoon . 



Address. 
16, Adam Street, Adelphi 

London Yard, Millwall 

London Yard, Millwall 

48, Charing Gross, S.W. 

13, Cannon Row, S.W. 

7, BloomBeld Crescent, Paddington 

War Office, 109, Victoria Street, 8.W. 

Breakwater Fort, Plymouth 

1, Castle Court, Birchin Lane, £.C. 

27, Leadenhall Street, E.G. 

Breakwater Battery Works, Laira, Ply- 
mouth 

Whitefriars Street, Fleet Street, E.G. 

Briiehton and Hove Gas Works, Hove 
Town, near Brighton 

46, Russell Square, W.C. 

5, Westminster Chambers, Victoria Street, 
S.W. 

London Yard, Millwall, £. 
London Yard, Millwall, E. 
118, Leadenhall Street 
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Elected. 
18^8 

1867 

1864 

1865 

1855 

1854 

1865 

1866 

1859 

1864 

1866 

1861 

1860 

1859 

1866 

1865 

1860 

1860 

1864 

1865 

1868 

1867 



NAME. 



MEMBERS. 

L 



Addreee. 



Abel, Charles Denton 20, Southampton Buildings, Chancery Lane, 

W.C. 



Adams, John H. 
Adams, Thomas 



Adams, William 

Member of CounciL 

AiBD, John, Jun 

Member of CounciL 

Allait, George William .. 
Past Prendent. 

Allen, Thomas T 

Angus, Robert N 

Abliss, Walter John 

Armstrong, Henry 

Abmyt AGE, James 

AsHTON, John Peter 

Atdon, E. H 

Baldbt, James D 

Baldwin, Thomas 

Barlow, John Simeon 

Barnard, Clement 

Barnard, Edward Brown 
Bartholomew, Eugene G. 

Batlbt, William 

Bates, Thomas William .... 
Batlee, Charles Sextus .... 



11, Laura Terrace, Campbell Road, Bow 
5, Duke Street, Adelphi, W.C. 
21, Carlisle Terrace, Bow 
Belvidere Road, Lambeth, S. 
Hendon Lodge, Wandsworth 

1, Bree Street, Stratford-upon-Avon 

North Staffordshire Railway, Stoke*upon- 
Trent 

Gas Works, Bell Green, Lower Sydenham 
S.E. 

43, Manchester Street, Argyle Square 
Preston, Lancashire 

Railway Bridge Works, Runcorn, Cheshire 
Adam Street, Adelphi, W.C. 

2, Queen Square Place, Westminster, S. W. 

Com Market Buildings, Bury, Lancashire 

40, Cranbourne Street, Leicester Square 

d5A, Great George Street, Westminster, 
8.W. 

14, London Street, City, E.C. 

I, Wrotham Road, Camden Town 
46, Torriano Avenue, Camden Town 
11a, Myddleton Square, E.C. 

II, Oakley Crescent, Chelsei^^^S^^ 
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Sleoted. 


NAMB. 


Address. 


1861 


Baylet. John Olowea 


5, Robert Street, Adelphi, W.G. 

3, Westminster Chambers, Victoria St., S. W. 

32, Bankside, Southwark, S.E. 

18^ Wobom Place, Russell Square 
Fairfield House^Droylesdon, nr. Manchester 
106, Southwark Bridge Road, S.E. 
Tower House, Spalding 
War Office, 109, Victoria St., Westminster, 


1866 


Beaumont. Joseoh 


1860 


Benbow, Walter 


1866 


Benson. Miirtiii • 


1866 


Bebnats. JoseDH 


1866 


Blackbousn. James 


1862 


Blackett, TVllliam 


1862 




1861 


BoTCE, Bobert H 






S.W. 


1859 


Boys, John 


Contractor's Office, Lavenham^ SniTolk 


1863 


Bratk, Wnimm James. t..i.ftt... 


11, Swan Terrace, East Surrey Groye, 
Fcckham 

Penn Fields, Wolverhampton 
7, East India Avenue, Leadenhall Street 
Horseley Works, Tipton, Staffordshire 
Equitable Gas Works, Pimlico 

13, Cannon Street, City, E.G. 

• 

18, Cannon Street, City, E.G. 


1858 


BfiAiTHWAiTE. Richard 


1863 


BbasSj Robert 


1860 


Broad. Robert 


1865 


B&OTHEBS. Horatio 


1862 


Bkown. Andrew Betts 


1859 


Baown. J. B 


1865 


Browne. Thomas 


6, John Street, Adelphi, W.G. 


1861 


Bjiowne, William Herbert 


City of London Gas Works, Dorset St., E.G. 


1857 


Browning, Charles Edward ... 


3, Victoria Street, Westminster, S.W. 


1859 
1866 


Member of Council. 
Buchanan, Alexander 


Contractor's Office, Chatham Place, E.G. 
Britannia Works, D^f ^^ by GoOglc 



u 



Elected. 


NAME. 


Address. 


1856 


RnRw. ChArleii 


Little Fife House, 3, Middle Scotland Yard, 




X/VJ*J!*t \JUtUK^O ••••••••••••••••••••• 


S.W. 


1866 


Caboill, Thomas 




1866 


Cass. Kobert 


Engineer's Office, St. Katharine's Dock 
9, Adam Street, Adelphi, W.C. 
118, Leadenhall Street, E.G. 


1859 


Gassigk. J. 


1858 


Ca&binoton, William Thomas . 
Pasi PrendenL 


1867 




3, Newman's Court, Cornhill, E.G. 

61, Woodyille Terr.,Everton, nr. LiYerpool 

Gas Works, Bell Green, Sydenham 


1866 


Ga&teii. B. W •• 


1866 


Cathells, Edmund Small 


1867 


Dhadwicic Frederick • 


5, Westminster Chambers, S.W. 

24, Cheyne Walk, Chelsea 

Pont-y.Pool 

64, Bankside, Southwark, S.E. 


1867 


n w A PT.TW A IfiYander 


1866 


ntTAPMAir. Parkinson 


1854 


C RTiisTiE, Robert Monro 

Fast President. 


1867 


Ciiiiarii Jabez • 


Hamlet House, Chelmsford 
107, Camberwell Grove, S. 


1864 


Clabke, Francis William 


1866 


Clarke. William 


22, Great George Street, S. W. 




Member of CounciL 


1864 


Coi.BTiRN. Zprah 


7, Gloucester Road, Regent's Park, N.W, 




Past President, 


1865 


CjCHsok Charles 


6, Landport Terrace, Southsea 

St. Mary's Iron Works, 6, Leman Street, 


1859 


CoLTfiiL. Frederick 




VyVJJiXlIaj Ai*Vl*V*.wi» «•••••••••••••• 


Whitechapel, E. 


1864 


Cook, Robert J 


29, Charing Cross, S.W. 


1862 


CooFEB, Edmund 


4, Haddington ViUas, Hford Road, Strat- 
ford, E. 

British Provincial Gas Works, Hull 


1855 


Copland. Charles 


1866 


Copland, Uenry S 


5, Old Burlington Street, W.OqIc 



15 



Elected. 
1865 


NAME. 
CoFLAiiD, Theodore 


Addreu. 
17, Burton Road, North Brixton 


1867 


Co&NEs. Cornelius ...•• ••«. 


8, Emerson Street, Southwark 
Park Iron Works, Blackburn 


1861 


CouLTHABB, Hiram Craven 


1866 


CowAN^ William 


Eittjbrewster Station. Aberdeen 


1858 


CowiN. John A 


Bkydon Bum, Newcastle-on-Tyne 

9, East Parade, Sheffield 

9, John Street, Adelphi, W.C. 

ClifTe Terrace, Wakefield 

3, Great George Street, Westminster, S.W. 

6, Queen's Terrace, Old Ford Road 

Horwich, near Bolton, Lancashire 

8, Great Queen Street, Westminster, S.W. 


1865 


Cox. Samuel H. F 


1866 


CuAVEN. William , 


1665 


C.ftMrr.m.v.Y. WilliiLm 


1859 


CuBiTT. Charles 


1867 


T)aIiE. Thomas ».• •• 


1864 


DAwniir.T.Ti. F. Ilahn .*.t..,t.».t 


1859 


Davenfoat, John Gladstone ... 


1865 


Davies. Hush 


39, Hope^Street, Wrexham 
32, Moorgate Street, E.C. 


1862 


Davis, Henry D 


1865 


Day, John 


Perth 


1867 


DntON A.dam 


11, Adam Street, Adelphi 

17, Argyll Road, Kensington, W 

Phoenix Gas Works, Yauxhall 


1859 


V 

DoNKix. Brvan... ...... ........... 


1865 


Douglas, Robert 


1865 


DOTTGLAIR. John 


Flathouse, Portsea 

Phoenix Works, Rotherham 

18, Great George Street, Westminster 

' Digitized by Google 


1859 


Dyson. Robert 


1865 


liAsaiE. William 
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Bleeted. 
IflfSO 


NAUB. 
FiATOW tliLmftfi Allan 


Addran. 
20, South Vilks, Wandsworth Road 

New River Office, E.G. 

18, Great George Street, S.W. 

69, Millbank Street, Westminster 

18, Cambridge Road, Kilbnm, W. 

Gas Works, Croydon 

69, Millbank Street, Westminster 

4, Richmond Villas, Westbourne Grove, 
Bayswater, W. 


1858 


Elliott. James • 


1865 


Endss. Max Am 


IfiAi. 


EasoN William 


1867 
1863 


Etlinoeb. Smest •».. 


Easmeb. John 


EAB.RAND Gharles.. 


1863 
1858 


Eauhah. Thoinftfl S 


Featubrstonhaugh, J. F. W... 


1861 


EiELD. fidward • 


22, IJuckingham Street, Adelphi, W.C. 
18, Great George Street, S.W. 


1865 


Field-Meagueb, James 


1864 


PiLLAET, Thomas Foice 


12, Amwell Street, Claremont Square, E.C, 


IftfU. 


EiRTiT. Edward 


Hope Terrace, ThornhiU, Masbro* 
Rose Street, Flumstead 


1865 


FisuEB, Henry Augustus 


1863 


Eis HEB. Joscoh 


17, Great George Street, Westminster, S.W. 
17, Great George Street,Westminster, S;W. 
Saffron Walden 


1864 


FfMTTP.R. Howland....i.«..tttt.t.t. 


]866 


Ford. SteDhen 


1865 


Erakck. Jamos • 


Chemes Iron Works, Rickmanswortb, Herts 


1867 


GiELGUi). HeDry ...t...* ••••• 


3, George Yard, Lombard Street 
1 1, Fark Street, Westminster 


1867 


GiLRRRT. Francis S. t.f..t........« 


1862 


QjiEAS, John 


Tees-side Iron Works, Middlesborough-on- 



Tees 



Digitized by LjOOQ IC 



Bleotad NAME. 

i859 Gltitk, John 

1854 GiUT, John William 

1868 Green, James B , 

1861 GsoYE, Thomas 

1867 Hack, William 

1865 Hakewell, H 

1860 Hall, George ^ 

1865 Hall, Henxy 

1866 Handtside, Andrew 

1860 Habbis, Robert 

1864 Haetlby, F. W 

1861 Havees, George F 

1867 Hat, Thomas J 

1863 Hatwabd, Charles Marriott 

1862 Head, Charles Arthur 

1861 Head, Howard , 

1858 Heitdbt, James 

Member of Council. 

1864 HEin>ET, William 

1865 Hefwobth, James 

1860 Hobbs, Joseph Stephen .... 

1866 HoGABTH, Henry , 
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Address. 
31, Lavender Grove, Dalston 

Birmingham Waterworks, Birmingham 

Salisbury Street, Blandford, Dorset 

76, Grosvenor Terrace, Finjlico, S.W. 

West Middlesex Water Works, Hampton 

45, Crowndale Road, Camden Town 

Belvidere Road, Lambeth, S. 

Grreat George's Road, Waterloo, near 
Liverpool 

Britannia Works, Derby 

Gas Works, Bow Common 

S5^ Millbank Street, Westminster, S.W. 

12, Clerkenwell Close, E.C. 

19, Great College Street^ S.W. 

Teesdale Iron Works, Stockton-on-Tees 
Teesdale Iron Works, Stockton-on-Tees 
8, Great George Street, Westminster, S.W. 
73, Queen Street, Cheapnde, E.C. 
Hyde, Manchester 



9, Adam Street, Adelphi 

B 
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Elected. 
1862 

1862 

1867 

1864 

1859 

1865 

1865 

1863 

1867 

1861 

1859 

1862 

1859 

1860 

1859 

1865 

1858 

1867 

1866 

1862 

1862 



NAME. 
HoLBEOOK, Thomas H,, 



HoLLAif D, John Henry 

HoKNEB, John Jasper 

HoBNiBBOOK, John H. C. B. ... 

HoBSLBT, Charles 

HoSKiNGs, Henry 

HosKiNGS, Oliver 

Houghton, Francis Evelyn.., 

Howell, Joseph B 

HowsoK, Richard 

HuHFHBEYs, Joshua 

Hunt, Heniy W 

HuTCHEsoN, Joseph 

Hyam, F. M 

Ingham, Frederick 

Ingbav, J. Jones 

IvESOK, Thomas G 

Jacob, Arthur 

Jacob, Augustus H 

James, Christopher 

Jensen, Peter 



AddTMI. 

Manor Iron Works, Manor Street, Chelseai 

S.W. 

19, Buckingham Street, W.C. 

30, Avenue Road, Hammersmith 

Surveyor's Office, Redhill 

3, Beresford Terrace, Highbury New 
Park, N. 

Hayle, Cornwall 

Hayle Foundry Wharf, Nine Elms 

Pumping Station, Crossness 

3, West Bank, Sheffield 

Newport Iron Works, Middlesbro'-on-Teet 

2, Commercial Street, Middlesbro^-on-Tees 

26, Parliament Street, S.W. 

23, Queen^s Road East, Chelsea 

109, Westbourne Terrace, W. 

Wortley, near Leeds, Yorkshire 

Stuckton Iron Works, Fordingbridge 

43, St. Peter's Road, Mile End, N.E. 

Town Hall, Croydon 

Inglis Road, Addiscombe 

Mountain Ash, Glamoiganshire 

4, Gordon Groye, Holland Road, Brixton, S. 

Digitized by LjOOQ IC 



Elected. 

1867 

1860 

1858 

1862 

1864 

1855 

1861 

1859 

1864 

1854 

1862 

1860 

1859 

1867 

1865 

1861 

1858 

1858 

1856 

1859 

1860 



NAMlB. 
Johnston, Robert E. 



Johnstons, George 

Jones, Alfred K 

Jones, Edward 

Jones, Thomas Dillon ... 

Keith, John 

Kbll, C. P 

esbshaw, b. d , 

Kino, George 

Kino, Robert 

KmKWOOD, Robert 

KocHs^ William Edward . 

Laing, Robert 

Large, Thomas W. 

Latham, Albert 



Light, Charles Julian 

Member of Council, 

Light, Charles Llewellyn 
Fast FreHdetU. 

Littlewood, F 



Latham, Baldwin 

Viee-FresidenL 

Le Feuvke, William Henry ... 
President, 

Leonard, Edward J 
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Address. 
Railway Engineer's Office, Shrewsbury 

Milton House, The Hamlet, Southend 

24, Budge Row, City, E.C. 

The Larches,Handsworth,near Birmingham 

18, LeadenhaU Street, City, E.C. 

Eltham, Kent, S.E. 

8, Castle Street, Holbom, E.C. 

New River Office, Clerkenwell, E.C. 

142, High Holbom, W.C. 

Eltham, Kent, S.E. 

Trinity, Edinburgh 

29, Charing Cross 

Independent Gas Works, Haggerstone,N'.B. 

Chandos Chambers, Buckingham St., Strand 

Town Hall, Croydon 

Town Hall, Croydon 

18, Great George St., Westminster, aW. 

Engineer's Office, West India Dock 

17, Great George Street, Westminster, S.W. 

9, Adam Street, Adelphi, W.C. 



b2 
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Elected. 


NAME. 


Address. 


1859 


LocKWOOD, Joseph ,..,.., 


22, Kensinffton Park Terrace North, 
Notting HUI 






1^61 


TjAKo-RnriTAiu'. Ahmm 


S. Hammersmith Terrace. Hammersmith, 


1867 


LoncH. Arthur 


W. 

The Elms, Lower Clapton 

Eighton Banks, Gateshead-on-Tyno 
9b, New Broad Street, E.G. 


)862 


LircAS, John 


1865 


Lund, James 


1865 


Ltttidh, Svarrer H. H. 


1865 


Ltkoh, William 


233, Portland Terrace, New Kent Road 


1867 


Ltttle. William A 


5, Priam Place, Hammersmith, W. 

Metropolitan Board of Works, Spring 
Gardens, S.W. 


1862 


McGlea&t. James 






1867 


McCk)LLET, Henry ,.... 


8, Albion Terrace, King's Road, Chelsea 
8, Dundas Terrace, Woolwich 
78. Lombard Street. E.C. 


1865 


McDouGAL, J 


1868 


Makwasing, Joseph 


1861 


Marshall, B. W 


9, Sumner Street, Southwark, S.E. 

Hanwell, Middlesex 

4, High Street, Kensington 


1863 


MaRTJ^i Henry... „,,.,,,,,.,,,,,,, 


1860 


Maktinez, Manuel Garcia 


1867 


Mathesok, EwiDg 


32, Walbrook, E.C. 
37, Bedford Street, W.C. 
Weston-super-Mare 
Long Acre 


1865 


Maw, WiUiam H ,• 


1865 


Mato, Alfred 


1866 


Meretweatbeb, Richard 


1865 






1865 


MiLLEB, Daniel 


Normandy St. Alton, Hants 

^, St. Georire's Road, Pimlico-ialp 


1858 


MooBE, Edward H 



Bleotod. 
1859 

1861 

1860 

1859 

1859 

1867 

1863 

1862 

1858 

1860 

1856 

1861 

1860 

1857 

1859 

1862 

1865 

1865 

1864 

1863 

1866 

1865 



NAME. 
MooBE, John Wilson 



MoBGAK, James T , 

MoBBis, Frank 

MoBBis, William 

MufiizL, George 

Nailoe, William 

Newman, Frederick 

NuBSBY, Douglas Shafto . 



NuBSBY, Perry Fairfax . 
Auditor. 



Ohkev, John H. 
Ohbbk, Magnus 



Olandbb, Edmund 



Onslow, Douglas Arthur . 



Obdish, Rowland Mason. 
PaM President. 



Page, George Gordon . 

Pabkbs, Matthew 

Patebson, James 

Peak, Henry 



Pendbes, Vaughan 

Member of Council. 

Penbice, Thomas 



Phillips, Joseph 

Member of Council, 

Pickering, Williftm 
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Addretg. 
8, New Street, Spring Gardens, S.W. 

Messrs. J. Aird & Sous, Belvedere Boad, 
Lambeth 

Gas Works, Brentford 

Kent Water Works, Mill Lane, Deptford 

Peak Hill, Sydenham 

3, New Broad Street, £.C. 

Eldon Cottage, Long Ashton, Somerset 

166, Fleet Street, E.G. 

Gas Works, Longtm^, Staffordshire 

Gas Works, Bell Green, Lower Sydenham 

15, Parliament Street, Westminster 

18, Great George Street, Westminster, S.W. 

16, Abingdon Street, S.W. 
Trinity Street, Hanley 

St. Leonard's Iron Works, Perth 

4, Commercial Road, Guildford 
163, Strand, W.C. 

Thurlow Place, Wandsworth Road, S. 

1, Westminster Chambers, Victoria Street, 
S.AV. 

14, Chatham Place, Bkckfriar^^^g 
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Bleoted. 


NAME. 


Address. 


1866 


Pinchbeck. John 


27, Leadenhall Street, E.G. 


1862 


FOATEB, J.T. B 


7, John Street, Adelphi, W.G. 


1864 


PoRTERi Willinm ............*....« 


3, Manor Park, Lee, S.E. 


I8d9 


Potts, B. L. F 


35a, Great George Street, Westminster, 

S.W. 






1859 


Potts, J. T 


4, Oxford Villas, FuUwood Eoad, Sheffield 


1862 


Puttvis, William 


Gas Worksi Croydon 

Snmner Street, Southwark, S.E. 


1856 


Quick* Joseoh. Jiin 


1859 


B.AIT. GeOTCtQ 


Kiogsland Road, N.E. 
Union Foundry, Liverpool 
Wood Street, Swindon, Wilts 
Cherry Orchard Road, Croydon, S. 
Messrs. Naylor, Vickers, & Go.> Sheflield 
Newnham, Gloucestershire 


1865 


Bakkin. John 


1865 


Read* William 


1864 


Rease, Svdnev A 


1862 




1866 


Reynolds, Edwin J 


1859 


Reynolds. Frederic C 


35a, Great George Street, Westmmstcr, 
S.W. 




Member of Council, 


1860 


Riley. Edward 


4, Park Place, Leeds 




Past President. 


1863 


RoBEE,TS. William 


Millwall, Poplar 

Ecdeaton Iron Woiks. Pimlico 


1866 


Robertson. Georsfe 


1860 


Robinson. Gharies 


5, Barge Yard, Bucklersbury, E.G. 
18, London Street, E.G. 
Goombe Hill Villa, Glevedon 


1867 


RooKB. Joshua 


1868 


RowELL, William F 


1866 


RowELii. Haines 


13, Mount Eliot Terrace, High Road, Lee, 

S.E. 
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B]«etfld. 
1859 

1867 

1668 

1866 

1866 

1866 

1865 

1865 

1863 

1865 

1865 

1862 

1862 

1865 

1859 

1854 

1857 

1863 

1864 

1863 

1866 



NAMB. 
RuiCBLE, Robert A. 
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Addratf. 
MetropoiiUD Board of Worka, Spring 
Gardens, S.W. 



RumoKs, Francis 

SCHKlTBElfNEB, L. S 

ScHON HE YBEB, William 

Scott, Walter 

SuEppAKDy Robert 

8inTFFi2B0Tu AM, Joseph W. ... 

SiKPsov, Thomas 

Skwabcow, Peter 

Smith, Frederick 

Smith, John 

Smyth, Samuel R 

SOMSBVILLB, John 

Spehcer, Samuel 

Stephenson, Alexander Erskine 

Stephenson, Henry Palfrey ... 
Pa^t President, 

Stephenson, William Haswell 
Stevenson, George Wilson... . 

Stidoi^h, Edward S 

Stbachan, John 

Stkanae, Thomas 



5, Queen Square, Westminster 

R^ent's Canal Iron Works, Wharf Road, 
City Road, E.G. 

10, Claremont Terrace, Fentiman's Road, S. 

22, Paric Terrace, Duffield Road, Derby 

13, Albion Terrace, Horsham 

AppIeton-in-Widnes, near Warrington 

Sooth Stockton-on-Tees 

24^ Leadenhall Street, E.C. 

Town Hall, Blackburn 

27, Leadenhall Street, E.C. 

Dover 

Gas Works, Maidstone 

24, Great George Street, Westminster, S.W. 

The Lindens, Nightingale Lane^ Clapham 
Common, S. 

25, Poultry, E.C. 
Tbrockley, Kewcastle-on-Tyne 

H Park Street, Westminster, S.W. 
5, Egerton Road, Blackheath Road, S.E. 
68, King's Road, Reading 
Broomfield Villa, Mold, North Wales 

Digitized by LjOOQ IC 



Elected 
1861 

1867 

1859 

1862 

1661 

1862 

1866 

1861 

1860 

1860 

1867 

1863 

1867 

1862 

1862 

1858 

1863 

1861 

1867 

1862 

1862 J 



NA.ME. 
Sugg, William ..... 
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Addreii. 
Vincent Street, Westminster, S.W. 



Stjtiieeland, D. D. 

suthjseland, w. p 

SWAS, Edgar 

Swan, Lewin... 

SwAjr, Thomas H 

Tayloe, W. Brounger ... 
Thomas, William Henrj 

Thobk, Alexander 

Thork, Peter 

TiiOBNELOE, George 

Ybket, Arthar 

Walkeb, John 

Walksb, John R 

Walkeb, William T 

Waller, George 

Wallis, George A 

Walton, Adolphus E. . . . 

Wabino, William 

Wabben, Alfred 



Hazelmere Cottage, Park Road, New 
Wandsworth 

13, LouYsine Road, Clapham JmKitioD, 

S.W. 

13, Dorset Terrace, Clapham Road, S- 



59, Nelson Square, Blaokfriars Road 

Church Street, Roussey, Hampshire 

15, Parliament Street, Westminster, S.W. 

Grosvenor Road, Pimlico, S.W. 

Ranelagh Road, Thames Bank, S.W. 

190, Strand 

St. Margaret's, Herts 

Middlesex County Asjlum, Colnej Hatch 

Grove Boiler Works, Southwark, S.E. 

Midland Works, Doddington, Shropshire 

John's Place, Holland Street, S(^uUiwark, 
S.B. 



Water Works, Eastbourne, Sussex 
6, Abchurch Tard, E.C. 
39, Prmce's Gardens, Hyde Park 
189, Adelaide Road, N.W. 
Watkins, Francis ' London Worics, Birmingham 
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860 
861 
864 
86S 
864 
859 
865 
865 
855 
860 
860 
862 
858 
867 
863 
858 
868 
862 
865 
861 
859 
859 



NAME. 
Waisok, David 



Watsom, Sydney , 

W£BST2S, William 

WzLis, George 

WxssBLY, Carl B. von 
WHiXAKEBy Edmund J. 

Whitaxzb, F 

Whitbhzad, Claude L. 



Addnu. 
London Gas Works, Vauzhall, S. 

Contractor's Office, Layenham 

Wyburton Villa, Lee Lane, Blackheatb, 

S.£. 

12, North Street^ Westminster, S.W. 

18, Great George Street, Westminster, S.W* 

The Cottage, Nnttall, Nottmgham 

d, Westminster Chambers, Victoria Street 

Atherton, Chowbent, near Manchester 

64, Bankside, Southwark, S.E. 

Cyclops Works, Sheffield 

Gas Works, HoTe 

Chandos Chambers, Buckingham Street, 
Adelphi, W.C 

Church Street, Nuneaton 

The Lodge, West Hetton, Ferry Hill, 
Durham 

Denbigh Street, Pimlico, S.W. 
Oyerseal, near Ashbyode-lapZouch 
King*8 Boad, Chelsea, S.W. 
15, Cannon Street West, £.C. 
The Jerusalem, Comhill 
7, Duke Street, Adelphi, W.C. 



WiLLLAMS, Alfred 

Ha», Secretary and Treasurer. 

WusoN, Alexander F 

WnsoN, Charles George 

WiLSOK, George 

Wise, Francis „ 

Wood, John 

Wood, W. H ; 

WooDHEAD, Edward J 

WOODH0X7SS, John Thomas.... 

WoMSAM, S. W., Jun 

Wyue, a. C 

Yabbow, a. F 

YouKO, Charles F. T 

Young, Lambton J. H I 3, Priory Grove, Bo^tojis^^^fst Bromptqp 





FOREIGN 


MEMBERS. 


Sleeted. 


NAMB. 


AddNH. 


1865 


Addis. William J. 


7, Church Gate Street, Fort, Bombaj 
Copenhagen 


1856 


AlBD| A.. ••.. 


1865 


Beblbnkamf, Charles W 


1864 


Blythb, John Bennington 


24, Cours de Jardin Fublio, Bordeaux 


1869 


Baakdon, David Hunter 


18, Bue GaiUon, Paris 


1867 


Ffimgh. Harrr Maiile 


Colombo, Ceylon 


1859 


Gordon. G^orffA 


j 
India 


1863 


\JwJVW0 } \xw\f X is •.••.»••.•••••••.• 

ITnrBBfi. James 


East India Irri^on Company, Midnapore, 
Bengal Presidency 




JJ^XBLOCXby V mUCTO •.•»..•••••.•..••••.• 


1867 


Magnus. David 


Eutritzsch, near Leipzig, Saxony 
India 


1861 


Netheesole, George B 


1863 


T'^ETTTisRsniiK. "Williani ............ 


India ; Agents, Messrs. J. Elin and Co , 7, 
Bishopsgate Street, E.C. 




^ T If S it Bi tfcVT^f ii^y Tv *>**■»*»* ••••«•••■••• 


1865 


Park. John C 


20, Via Carlo Alberto, Genoa 

Bombay 

28, Albion Place, Bombay 

6, Rue des Carmes, Paris 

Hotel de la Yille, Florence 


1861 


Sanderson. Charles 


1865 


ScoRGiE. James 


1865 


Simon. Alfred • 


1867 


Skwabcov, John 


1864 


Wannisck. Frederick 


PmfliUA 


1863 


Welia. Edward J 


A 1 MBBi» 

Gas Works, Singapore 

Egypt 

Para Gas Works, Para 


1863 


WiGHTHTAN, Arthur 


186 '^ 


Wilson, Alfred F 
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ASSOCIATES. 



Elected. NAMB. 

1863 Adenbsooke, Edwin 

1867 

1867 

1866 

1864 

1867 

1867 

1867 

1867 

1864 

1867 

1865 

1867 

1864 

1865 

1867 

1865 

1867 

1863 

1867 

1867 

1865 



Allcock, Thomas , 

Bainbaigge, William A , 

Bakd, Alfred 

Blackboubk, John 

Bbickwell, Francis 

BuNN, Lockington D. r. 

Cabnsew, Henry 

Cash, Joseph 

Clabke, Henry 

Coles, Henry James 

Davey, Henry 

Davidson, J. Y 

DocwBA, Harry 

Ebhasdt, Louis H. G 

Fbathbbstonhaugh, William... 

Fish, Walter Thomas 

Plavel, Sidney 

Elgweb, Adolphe A 

FosEMAN, Robert S 

Gbant, Roberto 

Gbatelet, George 



Address. 



25, Poultry, E.G. 

Bromley, Kent 

2, Cloisters, Temple 

Town Hall, Croydon 

Regent's Canal Co., Macclesfield Street, 
City Road 

11, Grenville Street, Brunswick Square 
Holywell, Flintshire, North Wales 
41, Parliament Street, Westminster 
Gas Works, Hove, near Brighton 
Imperial Gas Works, Hackney Road 
258, Marylebone Road, N.W. 

5, Brunswick Place, Lewisham Road 
Mildmay House, Ball's Pond Road 

Town Hall, Redhill 

4, Jude Street, Bethnal Green 

Horsley Works, Tipton, Staffordshire 

70, Albert Street, Regent's Park, N.W. 

Woodside, Elmstead, Chislehurst 

11, Vietoria Road, Kensington 

29, Alfred Street, Bo^'^'^^^ by GoOglc 



Elected 
1867 

1864 

1867 

1867 

1866 

1863 

1864 

1867 

1867 

1860 

1867 

1865 

1867 

1862 

1863 

1862 

1866 

1862 

1867 

1867 

1867 

1867 



NAME. 
Hald, J. D. P 

Hall, George Frederick .... 

Habris^ George W 

Hathsbley, JohnE 

Henst, Michael 

HiNiOK, John Archibald.... 

Hodges, Frederick 

HoLsiES, John 

Holmes, Thomas Knox .... 

Hope, Frederick 

Hulbubd, Thomas 

HuNiEB, William 

Jacques, Richard 

Jakes, Samuel Hubbard .... 

Lilly, Alfred J 

LncBEBT, John A 

LiYESEY, Frank 

Lucas, William H 

Maclure, Andrew 

Matravees, Henry 

Manley, Mark 

Mayhew, George J, 
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Addreu. 
9b, New Broad Street, £.C. 

9, York Boad, Queen's Road, Peckham, S.£. 

142, AdeUide Road, N.W. 

18, Great George Street 

68, Fleet Street, E.C. 

18, Great George Street, Westminster, 
S.W. 

Church Street, Lambeth 

25, Poultry, City, B.C. 

18, Abingdon Street, Westminster 

25, Poultry, City, E.G. 

17, Silver Street, Falcon Square 

6, Anglesea Street, Cork 
Campanile Cottage, Canonbury Road 

7, Dalston Place, Dalston, N.E., and 
Railway Works, Delhi, India 

Castle Street, Bridgewater, Somerset 

9, Milton Place, Gravesend 

Dulwich Common 

9, BelgraTC Street South, S.W. 

17b, Great (xeorge Street 

9, Dowgate Hill, E.C. 

8, St. George's Road, Regent's Park 
30, Great George Street, S.^qqqI^ 



29 



Sleeted. 
1865 


fNAMB. 
lirmK-nrrif. William H .T.rt-.t- 


AddreM. 
9, Oakley Street, King's Road, W.C. 

City Gas Works, Dorset Street, E.C. 

Montagne Place, Cl^ham Road 


1863 


'M^TT.T.V'K. HAiurir..................... 


1856 


MoRKiAOV, William Tbomu ... 


1867 


NioHmroiLs. John S ••«• 


19, Trigon Road, Clapham Road 

9, Great Percy Street, PentonviUe, W.C. 

72, Park Walk, Chelsea, S.W. 

29, Union Square 
Hawley Street, Margate 


1865 


Nuinr. A. R • 


1865 


Oa^tsa. Eiurene W 


1867 


rVr»n»n- William ...,tt..rt.tr.tT.- 


1867 


Pa"r»t Sdward 


1865 


Beets, Tliomas D 


1867 


Rebs. John Charles 


6. Parliament Street, S.W. 


1863 


RoBEBTS, Edgar Hewett 




1866 


St. Cboix, Francis d'Auvergnede 


Midland Railway Engineer's Office, St. 
Alban's 


1867 


Smith, William 


13, Northumberland Street, Strand 


1867 


Tn-T. 1<!11intt Dnwnji 
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PERMANENT FUND. 

ESTABLIBHBD 1865. 



SUBSCRIPTIONS RECEIVED. 



£ $. ± 

EoBXiiT Bboad 10 10 



Pbbdbeick W. Beta»t 10 10 

WiLLIAH T. CABBDrOTOK 10 10 

EoBEKT M. Chsistib 10 10 

ZebahColbubn 10 10 

BbtakDokkik 10 

William EssoN 2 3 

JohnFabhek 5 5 

F. H.Habtlet 110 

J. H. C. B. HOBNIBBOOK 110 

F.E.Houghton 3 3 

B. D. Kjseshaw 110 

Albert Latham 2 2 

Baldttik Latham 15 16 

William H. Le Feuvbe 10 10 '0 



£ $. d. 

EowABD J. Lbokabd 110 



James LimD 110 

HekbtMillee 110 

Nbwbbbt and Alexaitder ... 3 3 

Ferbt F. NuBSST 3 3 

Samuel OwEVS 10 10 

Lewis Olbick 5 5 

HenrtPeak 110 

JohnPenn 10 10 

William PicKEBiKG 5 5 

Stdnet A. Bjsade 110 

E. and F. N. Spon 10 10 

Charles Whiting 3 3 

Alfred Williams 10 10 

A. C.Wtlib 2 2 



Thomas D. Jones 10 10 

BovLANs M. Oedish 10 10 

Vatjohan Pendred 3 3 

and £1 Is. Annually 

Joseph Quick, Jan. „• 10 10 



SUBSCRIPTIONS PROMISED. 

John Smith..... 110 



Charles G. Warren 110 

A. F.Wilson 5 6 
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TRANSACTIONS, &o. 



January 22ndy 1866. 

INAUGURAL ADDRESS. 

By Zerah Colburn, President. 

This being the first meeting of the Society for the present 
year, Mr. W. T. Carrington, the retiring President, occupied the 
chair. After the usual routine business of the meeting, which 
consisted in reading the accounts, &c., for the past year, the 
president presented the premiums which had been adjudged to 
members for papers read during the session 1864^5. These 
premiums, consisting of books, were awarded to Mr. Charles D. 
Abel, for a paper on the " Patent Laws ;" to Mr. Perry F. 
Nursey, for a paper on " Sugar Machinery ;" and to Mr. Lewis 
Olrick, for a paper on " Giffard's Injector.*' Mr. Carrington 
then vacated the chair, and introduced the President for 1866, 
Mr. Zerah Colbum, who delivered his inaugural address as 
follows : — 

It is not necessary that I enlarge here upon the past progress 
nor upon the probable future of tne engineering profession, nor 
shall I detain you with a review of the engineering works 
achieved last year, nor with a list of what is to be attempted this 
year. All these you are in the habit of reading in the news- 
papers, and I need only say, if it be considered necessary in my 
position to say it, that I believe the profession of engineering is 
now established upon a footing which will ensure the success of 
every qualified person who adopts it and practises it rightly and 
well. What, I think, should be particularly addressed to members 
of this Society on an occasion like this are some remarks upon 
the possible development and probable future of the Society 
itself. It is now in its eleventn year, and it already counts "a 
large number of members, and is in receipt of a considerable 
annual income. So far the Society has been exceptionally 
fortunate in having enjoyed the benefit of the unceasing labours 
of the honorary secretary, Mr. Williams, and but for his services, 
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2 INAUGURAL ADDRESS. 

exerted in every manner that could secure the best interests of 
this Society, it might, I am inclined to believe, have fallen to the 
ground long ago. I say this quite apart from any complimentary 
considerations, and merely because it must enter into our estimate 
of the future position of the Society. We occupy, as a Society, 
a somewhat exceptional position. Only a small proportion of our 
number are en^ged in the design and conduct of engineering 
works upon then: own account. 1 am glad, however, to see that 
our numbers are now being steadily recruited by gentlemen 
engaged in actual practice. The value of a Society like this is 
in its power of concentrating professional talent, in influencing it 
in new directions, and in securing public respect and confidence. 
Now this can be done only by deserving both. Unless it can be 
seen that successfully executed works are described here and dis- 
cussed* by those who are competent to do so, we cannot expect to 
take the rank which, as a Society, we all wish to have before the 
world. We have had read here many papers, exhibiting much 
industry in their preparation, papers containing unexceptionable 
truths, yet these papers have oeen, in many cases, compilations, 
instead of being prepared from the special knowledge of their 
authors. Not out that the Society is under obligations to who- 
ever prepares and reads a paper which is not in itself unsound. 
Memoers should dismiss from their minds any idea that they are 
doing a favour to the Society in preparing papers for reading 
and discussion, although the Society may and probably does 
derive some actual benefit from the papers, but tney should be 
prepared from a sense of duty, and as but a fair contribution to- 
wards the interest and usefulness of the proceedings. Those who 
will take the trouble to put upon paper any subject which they 
really understand, cannot fail, too, to derive advantage from doing 
so. The preparation of papers disciplines the mind, and compels 
the writer to choose his forms of expression. A facility for this 
kind of composition, whether natural or acquired, as it may be 
by practice, is of great value in every sphere of professional life. 
The ability to give correct expression to sound truths and to good 
ideas often enables the speaker or writer to influence those who 
would be otherwise far out of his reach, and thus not only to 
derive direct advantages for himself, but to advance whatever 
proper cause he may make the subject of his communication. In 
this light the preparation of papers by members of this Society is 
to be regarded as a valuable exercise, and for the sakes of the 
writers themselves it should be followed whenever time and a 
good subject can be found. This preparation compels the writer 
to study and to reflect, and is in many ways an excellent means 
of self-improvement. 

The coui-se which I have endeavoured to point out is the one 
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which, along with some other circumstances, has brought the 

Earent Society, the Institution of Civil Engineers, to its present 
igh position. It might, indeed, be asked why a further society 
like ours should be needed at all, but I belieye that our meetings 
furnish additional and valuable opportunities, more especially for 
the younger members, which the Institution, usefid as it is, can, 
nevertheless, hardly afford so well as this Society. However we 
may secure the co-operation of gentlemen in actual practice as 
engineers, we shall always be represented, upon the whole, by a 
much younger class of men than those forming the Institution. 
And our subjects for discussion will also embrace more works of 
mechanical engineering, and it may, indeed, be said that ours is 
the only professional body in London which habitually does deal 
with mecnanical engineering. Our meetings give opportunities 
for the expression of opinions, and for practice in discussion, 
which could not be expected, at least by the younger members, 
at the Institution. Our past success is, indeed, suiBcient to show 
that, properly conducted in the future, the Society of Engineers 
has no need to fear that its position will not be duly recognised, 
and the value of its proceedings acknowledged by the pro&sion. 
Any idea of rivalry with the parent Society, as we may all call the 
Institution, can never, I feel sure, have been entertained for a 
moment by any one among us. 

The demand for all kinds of professional knowledge is now 
greater than ever, and this Society enjoys many facilities for 
collecting and disseminating such knowlec^e, and thiis far com- 
manding the general respect and confidence of the profession. 
The Society will do mucn for those, and they are perhaps the 
majority oi the younger engineers, most of whose instruction in 
their future profession is self-instruction. It will not only bring 
before them subjects wliich are new to them, but the discussions 
will lead them to reflect and compare one thing with another, and 
to push further inquiries, and to cultivate a habit of reading. I 
beheve that in this way the Society has already accomplished a 
great amount of positive good, although we may have no precise 
means of estimatmg it. I believe that nearly every one of our 
members who has nabitually attended our meetings, and pre- 
served our volumes of Transactions, vrill own that he has derived 
direct personal benefit from what he has heard here, and it is by 
improving, as the Council now believe they see the way to im- 
proving, tne preparation of papers and the tone of the discussions 
that these benefits will become more and more distinctly recog- 
nised and appreciated. It should be the wish of every member 
to co-operate in the plans of the Council, so as to bring this 
Society into a position where its membership will be publicly re- 
garded as a beneficial distinction, by giving an assurance of pro- 
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4 INAUGUBili ABDBESS. 

fessional fitness for such works as the members may nnder- 
take. 

In looking about us upon the works which are akeadj in pro- 
gress, and in looking forward to those upon which the younger 
members are likely to be yet engaged, we cannot fail to lie struck 
with the increasing scope which our profession offers. Never 
before were so many, so extensive, and so varied engineering 
works in hand; never before have so many new works been 
contemplated. Improved machinery and improved processes are 
so cheapening almost every kind of production, in the getting of 
coal, in the working of metals, in the manufacture of bricks, 
glass, paper, &c., in agricultural operations, and in the means of 
communication, that we are adding to our national capital faster 
than ever before. It is impossible, indeed, to define the limits 
within which invention, as applied by civil and mechanical en- 
gineers — for whether tney are inventors themselves or no, en- 
mneers are the best fitted to carry most inventions into prac- 
tice — ^it is impossible to say within what limits inventions thus 
applied is now adding to the permanent wealth of the nation. 
Wliat the steam-engine, the spinning-frame, the power-loom, 
and the iron-rolling mill have done for Great Britain is really 
beyond our powers of estimation. Then came a later series of 
inventions of not less importance — ^gas-lighting, the locomotive 
engine, the steam printing-press, the hot-b&st, ocean steam navi- 
gation, and the electric telegraph. Still later we have had the 
reaping m&chine, the steam plough, and the Bessemer process. 
Each and all of these has done, is doing, and will in future time 
continue to do more for the good of mankind than was accom- 
plished by all the art and skill of the two thousand years of the 
world's history previous to the time of Watt, excepting only the 
invention of printing and the discovery of the manner's compass. 
It is engineers who are turning all these grand inventions to 
practical account for the useful purposes of man, and in many 
cases engineers are themselves the inventors of new processes 
and machinery. A great secret of professional success consists 
in knowing how to improve upon previous practice, whether by 
invention off-hand, or, more commonly, by that course of elabo- 
rate thought and comparison which results in what the engineer 
prefers to call design. Not that the inventive power is mdis- 

Jensable to success, but when controlled and regulated by good 
nowledge and sound judgment it is a great aicC Many ot the 
members of this Society are now at an age — and I am speaking 
of the younger members — ^^'hen new inventions, once stuoied and 
understood, make the most permanent impression upon the mind. 
There is enough now that, if not absolutely new, is but now be- 
ginning to attract general attention, or which, at most, has not 
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been for any great length of time before the world. The young 
engineer should make himself conversant with the contemporary 
inventions of his own time. The new coal-cutting machines, 
new puddling machinery, the Bessemer process, the steam plough, 
the steam fire-engine, the pneumatic railway, the universal tele- 
graph, the gas-engine, the Enfield rifle-maKing machinery, the 
various patent moulding-machines employed in the large 
foundries in the North, the recent applications of frictional 
gearing, the injector and the later improvements made upon it, 
the newer apparatus for testing iron, the Mont Oenis Railway, 
Mr. SturrocK s steam tender, &c., should all be well mastered, 
and the young engineer should have definite opinions upon them 
all. So of inventions relating to warfare — ^the construction of 
the principal kinds of ordnance and their rifled projectiles, the 
construction of armour sides for ships, of gun-carriages and of 
turrets. There are also those large engineering questions upon 
which the younger members of the profession should keep them- 
selves informed — ^the large bridges now contemplated in many 
parts of the kingdom, the drainage and water supply of towns, 
and especially of the metropolis, the improvement of rivers and 
harbours, and the great question of ocean telegraphy. In touch- 
ing thus briefly, and almost without regard to their relative im- 
portance, such a number of subjects to which the minds of so 
many of the members of this Society may be profitably directed, 
I do so more to suggest the opportunities for, as well as the value 
of, constant thought. It is the power of thinking closely and 
for practical purpose that gives to the en^neer his ability to deal 
with fresh difficulties as tney arise, and if the younger members 
of this Society have made up their minds that the opportunities 
for engineers are to be greater than ever in the future, they must 
also bear in mind that me preparation for the duties of our pro- 
fession must also be more complete than ever. To this end we 
may all hope that the Society of Engineers, as an establishment 
or an institution, may in future be enabled to render greater 
services in the advancement of engineering knowledge than ever 
before. 
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ON THE FRICTION OP THE SLIDE-VALVE 



February 6thf 1866. 

ZERAH COLBURN, President, in the Chaib. 

ON THE FRICTION OF THE SLIDE-VALVE AISTD 
ITS APPENDAGES. 

Bt Thomas Adahs. 

The slide-valve, as at present almost universally used on the 
steam-engine, was invented by William Murdock, of the Soho 
Works at Smethwick, near Binningham, about the year 1784. 
It was first set to work without either lap or lead, feut subse- 
quently he added a sixteenth of an inch of lap, and again he 
added a sixteenth of lead, and in that state he left it. And, 
although engineers since that period have extended the proportions 
of lap and lead, yet the primary elements, lap, lead, and travel, 
remain as they left the hands of Watt's companion. Notwith- 
standing the enormous amount of power required to work this 
valve and its appendages, engineers prefer it to any other 
known form, because of the facilities which it affords for a 
ready admission of steam, any required amount of expansion, 
and a liberal lead for exhaust, and requiring no other gear to 
work it than a rod direct from the valve to the eccentric, thus 
avoiding complication of parts, and ensuring simplicity and cer- 
tainty of action. 

Probably on no portion of the steam-engine has there been 
spent more time in study, patents, and trials, nor more at- 
tempts made which have proved unsuccessful, than that con- 
nected with the slide-valve. In fact, there is no engineer of any 
repute, past or present, who has not devoted some of his time in 
the endeavour to remove the weight from the back of the valve ; 
but so fickle and deceitful a piece of mechanism has it proved 
itself to be, that it has hitherto baffled the united skill of all, 
until at length it was considered impossible to produce a friction- 
less slide-valve. With such a long list of unsuccessful attempts 
to look at, it would seem enough to discourage and daunt the 
most determined, were they not stimulated by that hope of 
I'cward which must attend the successful accomplishment of the 
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principal and only remaining improvement of worth connected 
with the anatomy of the steam-engine. 

To the accomplishment of this task the anther applied him- 
self ahout four years ago; and he has laboured incessantly 
in desiring and making experiments daring the whole of 
that period, and for nearfy three years of that time it com- 

f)Ietely baffled him, setting all his attempts at defiance, and at 
ength compelled him to leave the beaten path of engineers and 
seek a new field of discovery in the relation of surface to pres- 
sure. 

It has been discovered that neither the file, the scraper, 
pumicoHstone, nor the oil-stone, will get up two surfaces of 
metal sufiiciently fine, when moving against pressure, to shut out 
steam. The steam says, ^^ I am master, and in I will go between 
your surfaces, and I will not come out, until you apply a force 
greater than the area of the surface in contact multiplied by the 
pressure." This is the fundamental principle, the discovery of 
which produced a frictionless slide-valve. 

All engineers are of one accord in ascribing the loss of a large 
amount of power in working the slide-valve ; out there is a large 
diversity oi opinion as to what that amount of power is, solely 
because there are no correct data from which they may calculate 
it, as they do other sources of power. A paper on the slide- 
valve would be incomplete did it not bring within its range 
the consideration of two questions: firstly, what is the mag- 
nitude of the evil of whicli it complains t and secondly, what 
is the remedy for that evil ? And in setting about such a task, 
the first thing to be done is to ascertain the co-eiBcient of fric- 
tion, under the circumstances attending its practical application ; 
and by that ascertained factor to calculate the amount of work 
performed by the force expressed by the co-efficient of friction 
passing through space ; and by the time in passing through that 
space, and upon tne principle of work done, find the proportion 
which that power bears to the total mean power of the piston. 

The question is often asked, what is friction ? And the an- 
swer given is invariably, a certain amount of force, proportional 
to the weight imposed at right an^es to the line of motion, but 
which proportional force varies not only with a variation in the 
constitution of the substance, but klso with a variation in the 
weight imposed. And recent experiments show that it varies 
also with the temperature of the substance employed, increasing 
in proportion to an increase of temperature. As this propor- 
tional force must of necessity depend in a great measure on the 
geometrical form of the molecules of the substance, an investi- 
gation into the constitution of the molecular construction of 
metals is required. 
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8 ON THE FBIOTION OF THE SLIDE-VALVE 

The co-efficient of static friction cannot be calculated apon the 
principle of work done, becaose it is only a force ; and being a 
force, there most be a limiting angle to it, and that an^le will 
be forty-five degrees, no matter what the form of mole<Mile. 

Plate I., Fi^. 1. Let A B be a datum line, and E F a line 
at right anj^es; from O as a centre, describe the circle 
A F S E ; bisect the arc A F at the jpoint n, then the an^e 
A D n will be an anfi;le of 45°; draw O «, and produce it to P ; 
from P, with the ramus O A, describe the circle X Y Z. The 
centre of molecule, N, will be at an angle of 45° with the line 
A B. Set off P p equal to sine C, and i^ p' equal to cosine C. 
Let sine and cosme C be the two sides of the parallelogram of 
pressures, join p np' n^ and draw the diagonal P n and produce 
it to O. It passes through the centre of molecule M. It is, 
therefore, stable. Similarly, from O as a centre, construct the 
paraUelogram of forces to resist those of molecule N, and the 
diagonal O n, produced also, passes through the centre, P, of N, 
and tangent U is equal and opposite to tangent D. The forces 
and resistances are equal ana opposite, and balance each other. 
They must, therefore, oe in a state of rest, because there is no 
force on either side capable of producing motion, and hence 45*^ 
is the limiting angle of friction ; and from this the co-efficient 
of friction must be calculated, because the sine of this angle and 
not radius is unity. 

Plate L, Fig. 2, is the spherical form of molecides, and the 
greatest angle of contact is 30°. The mean static co-efficient of 
friction of N in passing over M is found to be '2973 of the 
limiting angle of friction. The parallelogram of forces is here 
constructed as in Fig. 1. 

Plate I., Fig. 3, is the hexagonal form of molecules, and has a 
higher co-efficient of friction ; for while in Fig. 2 the side of the 
parallelogram of forces, represented by the sine of the angle, 
decreases from 30° to 5°, while the same side of the hexagonal 
form remains constant down to 10°, this gives a mean of '3768 

of the limiting angle of friction, and ^^ ^ =21 

Eer cent, in favour of the hexagonal form. And steel and 
omogeneous metals, which partake more of the hexagonal 
form than iron, are therefore better suited for rails and wheel 
tires of either engines or carriages, and are, in point of wear and 
tear, practically indestructible. 

Plate I., Fig. 4, shows three molecules, neither the hexagon nor 
the sphere, but partly both, which is, no doubt, the state in which 
metals exist under the atmospheric temperatures. The arrows 
show the direction of the motion of the molecules as their centres 
recede from each other, and the opposite when they approach 



Digitized by LjOOQ IC 



AND ITS APPENDAGES. 9 

each other ; and any one will at once see the friction to be over- 
come by their rubbing along the flat side. This is molecular 
friction, and this force has to be overcome, whether the mole- 
cules be subjected to an increase of temperature or an increase 
in the polar forces, or by the force of tension or by compression. 

With this preliminary investigation into the nature of friction, 
we will proceed with the subject of the paper. 

What is the amount of power absorbed in working the slide- 
valves and appendages of the steam-engine ? 

To ascertain this, the author had a cylinder-face, valve-box, and 
valves made, for the purpose of experimenting upon a variety of 
forms of valves ; and the records of the Patent Office show that, 
during the period of these experiments, lasting nearly four years, 
no less than four distinct patents have been taken out as those 
experiments advanced in improvement. 

To carry out these expenments, a chain was attached to the 
valve-spindle and passing over a pulley, on which was hung a 
scale, mto which weights were placed, until motion of valve 
was produced, the vjuve being at all times started from its 
middle position. The bearing surface of the valve is one-half of 
the back, or 50 sq. in., which gave, with 60 lb. of steam, a pres- 
sure of 120 lb. per square inch, the area of the valve being 100 
sq. in. The valve was then recessed in the face, leaving only 
a strip all round it of three-eighths of an inch, equal to one- 
seventh the area of the back, which, with 60 lb. of steam, was 
equal to a pressure of 420 lb. pfer square inch. 



Table No. 1. 


Table No. 2. 




CAST IRON ON CAST IRON. 


BRASS ON CAST IRON. 


No. 




Pressure 




Pressure 










Pressmo 


per Square 
Inch. 


Co-efficient 


per Square 


Co-efflcient 


Co- efficient 


Co-effidenfe 




of Steam. 


of Friction. 


inch. 


of Friction. 


of Friction. 


of Friction. 






Ist Series. 


Ist Series. 


2nd Series. 


2nd Series. 


ist Series. 


2nd Series. 


1 


10 


20 


•206 


70 


•235 


•184 


•210 


2 


20 


40 


•218 


140 


•260 


•191 


•239 


3 


30 


60 


•232 


210 


•287 


•213 


•263 


4 


40 


80 


•241 


280 


•311 


•220 


•288 


5 


50 


100 


•256 


350 


•349 


•227 


•326 


6 


60 


120 


•269 


420 


•362 


•236 


•354 



Table No. 1 is cast iron upon cast iron. The first column is 
the number, the second the pressure of steam, the third the 
pressure per square inch of bearing surface, the fourth the co- 
efficient of friction, the fifth the pressure per sjjuare inch of 
bearing surface of the valve reduced, and the sixth is the co- 
efficient of friction of the second series. Table No. 2 is brass 
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upon cast iron. The first column is the co-efficient of friction 
of the first series, and the second the co-efficient of friction of 
the second series* The results are the mean of ten trials each, 
and care was taken that no lubricant of any kind was present, 
nor moisture in the steam — ^the trials being made only when 
good blue steam showed itself at the petcock, and the co-efficient 
of friction was taken at the point where motion began. With 
steam of 10 lb. pressure, with a temperature of 240° and a pres- 
sure per -square inch of rubbing surface of 20 lb., cast iron on 
cast iron gave a co-efficient of *206 ; at the same temperature 
and 70 lb. per square inch of bearing surface, it gave a co-effi- 
cient of friction of "235 ; with 60 lb. of steam, and at a tem- 
perature of 381® and a pressure of rubbing surface of 1201b. 
per square inch, it gave a co-efficient of motion of *269; at 
the same temperature, and with a pressure of 4201b. per 
square inch of surface, it gave a co-efficient of -362. With 
brass upon cast iron, the corresponding temperatures and pres- 
sures gave corresponding co-efficients of f notion of '184, '210, 
*236, and *354, showing that, as the temperature rises, the co^ 
efficients approach nearer to each other. With the valve as in 
the first series, and with a V-piece cut out to admit steam into 
both admission ports, and a hole in back of valve to let the steam 
throuflh into the exhaust, and all three cocks shut, the valve 
moved as easily with steam on, as off ; showing that, without the 
exliaust cavity and ports, the valve will be practically friction- 
less. This experiment was only lately tried, to prove the prin- 
ciple of the frictionless slide-valve. 

It is Quite natural that the co-efficient of friction should in- 
crease with an increase of temperature, because an increase of 
heat is synonymous with a decrease in cohesive force of the 
molecules, and it at the same time proves that the asperities of 
the metals in contact are more easily knocked off. A greater 
or less number of these molecules are set at liberty every stroke, 
and this causes the co-efficient of friction never to oe twice 
alike, and so practical friction is a compound of true friction 
and crushing. There is abundance of evidence of this in the 
application of superheated steam, by the excessive wear of the 
surfaces in contact, since the excess of heat lessens the cohesive 
force of the molecules, and the increase in the co-efficient of 
friction, and the dryness of the steam, banishes the very idea of 
a lubricant. If the temperature of the steam, whether saturated 
or superheated, be carried high enough, we should have the co- 
hesive power of the molecuks utterly destroyed, and the metal 
would men exist in a liquid state. Extremes are always good 
for illustration. But there is a temperature at which the co- 
efficient of friction and the cohesive force of the molecules will 
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balance each other ; but between this temperature and that of 
fluidity the co-efiicient of friction decreases, and the destruction 
of the molecules will increase, which would be manifest by an 
increase in wear and tear. This, doubtless, takes place in many 
cases of superheating. The nature of cast iron is such, that its 
composition can be varied to give a co-efficient of friction on 
dry, hot surfaces, ranging from '18 to '21, according to the 
closeness, texture, and harmless of the composition. 

Plate ll., Figs. 5, 6, 7, represent the valve of No. 47 Engine, 
North London Railway, the dimensions of which are, diameter 
of cylinder, 17 in. ; stroke, 24 in. ; lap of valve, J in. ; lead, ^ in. ; 
travel, 4 in. ; position of gear, 4th notch from mid-gear, there 
being 5 notches for fore and 5 for back gear from the central 
one ; diameter of driving-wheel, 5 ft. 6 in. ; number of revo- 
lutions, 140 ; pressure in Doiler, 1601b. per square inch. 

Fig. 5 is a section of the valve over the ports in middle posi- 
tion. Fig. 7 is a plan of the same, looking at the face. Fig. 6 
is a section of valve over the ports at commencement of stroke. 

The outer and inner edges of the valve, by their crossing the 
outer and inner edges of the ports and bars on the cylinder race, 
determine the distribution of the steam. 

If we draw lines, m n, from each of those edges, at right 
angles to the plane of the valve's motion, and at any conve- 
nient distance below and on the lines, drawn from the outer 
and inner edges of the valve, while in its middle position describe 
semicircles, E, &c., equal to the travel of valve ; divide these 
semicircles into ten equal parts, each corresponding to the ten 
equal divisions on the indicator, diagram Tig. 8. Let the 
pressure on the back of the valve be represented as positive 
pressure, and that on the face and in the exhaust cavity as 
negative pressure. Measure the horizontal distances from each 
division to the edge of port or bar, and find what section of 
surface of valve is exposed to negative pressure. That section 
multiplied by the length of the port, and by the corresponding 
pressure on diagram, will give the total negative pressure, which, 
taken for the ten divisions, and their mean subtracted from the 
total positive pressure, will leave the positive force available 
for friction, which, multiplied by the co-efficient of friction and 
by the feet passed through by the valve per minute, and divided 
by 33,000, will give the horse power required to move the 
valve. 

Similarly for the eccentric. The positive force of the valve 
multiplied by the co-efficient of friction will be equal to the 
direct pull or force on the eccentric, and this force multiplied by 
the co-efficient of friction due to a cold lubricated surface, and 
by the space passed through by the periphery of the eccentric 
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12 ON THE PEICTION OF THE SLIDE-VALVE 

in feet per minute, and divided by 33,000, will give the horse 
power required to work the eccentric. Let S be the centre of 
the axle, and S C the length of the crank ; then will C O C be 
thepath of the crank-pin, and the stroke of piston. 

Fig. 8. Divide the diagram Fig. 8 into ten equal parts, and 
draw ordinates, marking on them the respective pressures and 
back pressures, and find the horse power of the cylinder, care 
being taken that the same mode of finding the horse power of 
the mction of valves and eccentrics be used. 

The total mean negative pressure is 1891'141b., and this 

i)ressure subtracted from the total pressure on back of valve 
eaves the force available for friction thus : 18f x 9 J x 160= 
29440 - 1891-14= 27548-86. 

The mean number of inches in the valve bearing on the cylinder 

face being 64*8, then — ^^ — =426 lb. per sq. in., and from 

this figure we obtain the co-efl5cient of friction of brass on cast 

iron, viz. -354. Next ascertain the mean pressiu^ in the dia- 

gmm, and the mean of the back pressure in same, and subtracting 

the lesser from the greater, ana dividing by 10, gives the mean 

pressure in the cylinder. Then the following is the calculation : 

18fx 91x160=29440, and 29440-1891-14=27548-86, and 

27548-86 x -354 x ^9 x 140 c^^r AnaxjT^ c, ^ ^ i 

ooAnn =27-476 HP X 2 for two valves= 

oo\)\)\) 

64-952 HP = friction of both valves. 

The eccentrics are .16 in. diameter and 2|in. broad. The 

bearing of the eccentric strap is equal to 16x2i = 44sq. in. of 

bearing surface; and is equal to jj~ =221 lb. per 

square inch. 

As no experiments were made to determine the co-efficient of 
firiction of the eccentric, it is taken at a low number, -15 being a 
cold lubricated surface. Then, 27548-86 x -354= 9752-296, and 

'''"'''' 33o'(^'''''^ =37-163 HP X 2 = 74-326 HP=fric. 

tion of the eccentrics, and 74-326 + 54-925= 129*251 HP, equal to 

^, i. . ^. PI 1 , . J 227 X 109-1 X 560 
the friction of valves and eccentrics, and oor^r^ = 

420-266 HP of one cyhnder, which, multiplied by 2= 840-532 HP 

of both cylinders, and 840-532 - 129*251 = 711-281, and 

711-281x100 o4 /. 1,^^ «. ^ ^r. 

— Q4Q.532 — =84-6 per cent., and 100—84-6=15-4 per cent. 

of the power of the engine required to work the valves and 
eccentrics. Thus we see that eccentrics of this diameter exert 
a greater brake force on the engine than the friction of the 
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valve8 by 20 horse power. But the eccentiics are the unavoid- 
able appendages of the valve^ and the loss by the one is the in- 
evitable and certain loss by the other. This is an example of an 
engine working in one notch from full gear. 

The next example is from an express enmne on the Great 
Northern Kailway working in the nrst notdi from mid-gear^ 
and running at a speed equal to 55 miles per hour. Diameter 
of cylinder, 17 in. ; stroke, 24 in. ; lap of valve, 1 J in. ; lead, 
-Jin.; travel, 3fin. ; diameter of driving wheel, 7ft.; num- 
ber of revolutions, 220; pressure in boiler, 1601b. per s(]|uare 
inch. Fi^. 9, 10, 11, and 12 represent that valve. Fig. 9 
shows it m middle position, with dimensions on it. Fig. 11 
is a plan of the same, showing face. Fig. 10 is a section 
in position at commencement of stroke; below it are semi- 
circles, constructed as before, representing the travel of valve, 
the larger diameter corresponding to the larger diagram, and 
the smaller diameter that of the smaller diagram, both at the 
same speed, for the purpose of comparing the variation which 
the per-centage of the friction of the valve bears to the per- 
centage of the cylinder's power, which ranges between 10 and 
55 per cent., according to the variation in the position of gear ; 
for while the cylinder decreases in power, the friction of valve 
and appendages increases, until, by a decrease on the one hand, . 
and an increase on the other, the valves and eccentrics absorb 
upwards of half the power of the cylinders. 

Let Fig. 12 be the diagram taken in the first notch from mid- 
gear, the pressure per sq. in. of rubbing surface of valve being 
431 lb. ; the same co-efficient of friction is used as for the other, 
and the following is the calculation : Dimensions of valve, 20*25 
X 11-5 in., then 20-25 x 11-5 x 160= 37259-2,and 37259-2 -4503 
=.32756-2, and 32756-2 x -354 x^-^^ ^ ^ ^^ 

93-102 HP, equal friction of valves, 32756 x -354= 11567-64, 
^^^ 11567>64 x^-^l^x 5-5 x 220 ^ gg.^^^ jjp ^ ^^ ^^7-304 HP 

friction of eccentrics, and 93-102 + 127*304= 220-406 HP fric- 
tion of valves and eccentrics, and a^^.^ =193-44 HP 

X 2=386-88 HP of both cylinders, and 386-88-220-406= 
166-474, and l^^^^il^=43 per c^nt. for cyhnders, 100- 

43= 57 per cent, equal friction of valves and eccentrics. It will 
be seen here that the eccentrics require more power to work 
them than the valves by 34 horse power. 

Thus the friction of the valves and eccentrics, when working 
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14 ON THE FRICTION OP THE BLIDE-VALVE 

in this position^ is equal to more than half the power of the 
engine; and the moae of calculation is as correct in the one 
case as in the other. What is correct for the finding of the 
power of the cylinder is also correct for the finding of the fric- 
tion of the valves and eccentrics, since the same rme is applied 
to both. And the variation in the petK*entage of power required 
to work the valves and appendages ranges, according to the 
position of gear by the link motion, from about 12 per cent, 
m full gear to 56 per cent, in the first notch from mid-gear, 
when running at a high speed producing considerable back pres- 
sure. 

We will now examine into the proportions of pLston-rod 
and valve spindles, and see how these calculations agree with 
actual practice, and take, as an example, the North London 
Kailway engine : Diameter of piston-rod, 2| in. ; sectional area, 

36 320 
6 sq. in. ; greatest force on piston rod, 36,320 lb. Then, — ^^ — 

= 6053 lb. per square inch of section ; diameter of valve spindle, 

If in. ; sectional area in square inches, 2*07 ; mean force on 

9552 
valve spindle is 9552. Then we have ^ ..„ =4614 lb. per 

square inch of section, which shows the calculation to favour the 
relative stren^h of the valve spindle. Yet we seldom hear of 
a piston-rod breaking ; on the other hand, we are continually 
hearing of valve spinoles breaking. About two months ago. two 
of those very valve spindles which have just been calculated, 
broke and doubled up, as if they were no stronger than a willow. 

When the dimensions of the Great Northern Railway express 
engine were taken by the author, it was in the shed being fitted 
witli a new buckle, the old one having broken across at A, Fig. 13 ; 
and the sectional area of the buckle only receives one-half of the 
force, because, the valve spindle being in the centre, the force is 
equally divided between the two sides of the buckle. 

Now the section at A is 2 in. deep by | in. thick, equal to 1^ sq. 

in., and the mean force on the valve spindle is — ^ — =3841 lb. 

o 

per square inch, while the breaking weight of iron (for these 
things are made of the best material) of that section is 56,000 lb. 
per square inch, upwards of fourteen times the calculated force. 
W hat then broke it ? 

The ^eatest pressure which comes upon the valve is when 
the bearing surface is 66 sq. in., equal to 496 lb. per square inch 
of rubbing surface, and this with the metals at a temperature 
of 370° ; these two forces, temperature and pressure, combine 
together for the purpose of uniting the molecules of the valve 
and cylinder faces together, and nothing short of it will break 
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the spindle, because the total force on the valve, multiplied by 
the co-efficient of friction, does not amount to one-fourteenth of 
the breaking weight of the spindle. 

Mr. Mathews, of the firm of John Penn and Son, says that th is 
is the true measure of friction (when the spindle comes in two). 

Other cases than this have been calculated by the author, who 
is of opinion that 500 lb. pressure per square inch of bearing 
surface, with the corresponding temperature of saturation of 
160 lb. of steam, is beyond the umits of safety, and is entering 
on the confines of molecular union of the metals. 

And next of the back pressure and compression : the sum of the 
pressures of the Great Northern express engine is 549, and of 
the back pressure and compression 228. Now, 

549-228=320, and ??^j^=58-4 per cent., 100-58-4= 

41*6 per cent., which is the proportion of back pressure to 

total pressure, and ^^^ ""^frl^ ^^^ = 138 HP x 2 = 276 HP= 

back pressure, which, added to friction of valves and eccentrics, 
= 496 HP. The total force of the steam on the propelling 

side of the piston is ^^l^L^^^^ 361 HP x 2= 722 HP for 

both cylinders, and 772-496=226, and ??^^^= 31-8 per 

cent, of the power of the steam used for commercial purposes. 

The cause of back pressure is the want of a copious exhaust, 
and the compression is regulated by the final pressure of exhaust 
and by the amomit of lap of valve ; an increase in one or both 
those sources of evil only aggravates the mean back pressure. 
Where expansion is j^erformed by lap of a single valve, the 
period of compression is unavoidable. 

For that purpose it is necessary to have a large exhaust pas« 
sage, and to Keep it open during the whole, or nearly the whole, 
of the stroke. Fig. 14 is a section of two valves, the one work- 
ing on the other ; the inner valve regulates the admission, ex- 
haust and compression, exercising the same functions as a valve 
with no lap, and is driven by an eccentric. K lead for the 
exhaust be required, it may be given by inside clearance ; and if 
requiring more than could be afforded by that means, then it 
may be done by increasing the angle of advance of the ec- 
centric. The outer valve regulates the suppression; and its 
linear advance may be varied to any required amount for an ad- 
mission of steam, ranging between the minimum and maximum 
limits of a suppression at 1 per cent., or 99 per cent, of stroke of 
piston, or any mtermediate per-centage. Fig. 15 is a plan of the 
inner valve. 
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16 ON THE FRICTION OF THE SLIDE-VALVE 

We will now take an example of the marine engine, and for 
that purpose we will select the engines of the Warrior (iron-clad). 

Effective diameter of cylinder 104^ in., stroke 4 ft., revolu- 
tions 56 per minute, lap of valve 5| in., lead in full gear 1 in., 
travel 20 in*, pressure in boiler 27 lb. per square inch. 

Engines by other makers could have been selected, from which 
a much larger per-centage of friction would have been got. But 
the Warrior is selected, because her engines are acknowledged to 
be of the very best description made, both as regards design and 
workmanship ; and if the ordinary valve-packing could be made 
and kept steam-tight, it would be done by the Duilders of these 
enmnes. 

Plate III., Fig. 1, is a section of the valve, the dimensions of 
which are approximately correct, and shown in position at com- 
mencement of stroke. The valve is 50 in. by 79 in. Below Fig. 1 
describe semicircles as before, representing the travel of valve, and 
divide them into ten eoual positions corresponding to the ten divi- 
sions on the diagram. The pressure on this diagram are all taken 
from the zero line ; by so aoing, the same mode of calculation is 
used as for the high-pressure engine. The valve being cast iron on 
cast iron, and tne pressure per s(]^uare inch of surface being 
121 lb., the co-efBcient nearest to this is '260. 

The space passed through by the periphery of the eccentrics 
is equal to the circumference of a circle, described bv a i*adius 
equal to the distance between the centre of the shaft and the 
periphery of eccentric at its highest part. In other words, it is 
the circle generated by the highest point of the periphery of the 
eccentric m its path round the shaft. Many gentlemen will 
doubtless say that the diameter of the eccentric, which gives the 
mean frictional periphery, should be the diameter used, and 
that surface should be taken. This point the author will not dis- 
pute. The per-centage of friction is, however, reduced by this 
standard : thus, for the North London engine it gives 13'2 per 
cent.; for the Great Northern, 50*4 per cent.; and for the 
Warrior^ 10'8 per cent. ; and, were the North London Railway 
engine thrown into full gear, the per-centage of friction would 
be reduced to about 12 per cent. So that the per-centage of 
friction by the link-motion arrangement varies from a minimum 
of 12 per cent, in full gear to 50 per cent, in the first notch 
from mid-gear. In judging of the friction by reversing an 
engine with steam on, we do not overcome more than half the 
power represented by friction, because we can only move the 
valves and practically not the eccentrics, because the small arc 
through which the eccentric straps pass, reduced by the long 
leverage of the rods, is not worth accounting for, and as the 
eccentrics represent more than half the frictional power, we can 
only overcome half that power in reversing. 
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18 ON THE FRICTION OP THE SLIDE-VALVE 

The above Table No. 3 gives the results as shown at foot of 
table. 

It will be seen that the valves require a greater amount of 
power to work them in this case than the eccentrics, the rea- 
son being, that, in the former case, the proportion of travel of 
valve to diameter of eccentric is about 1 to 4 ; in this case it is 
about 1 to 2^, which quite accounts for the difference. 

It will be seen that no deduction is made for the packing on 
the back of the valve. The author wishes it to be distinctly 
understood that there is no elastic vegetable packing on the back 
of the slide-valve, which is steam-tight in practice, no matter by 
what maker. It has a ring at the bottom ; Tuck's packing, 
india-rubber, or gasket above that ; and another ring above alL 
working against the door, with the usual ratchet collar and 
spring, and set screws for setting it up with. 

A small hole, ^ in. diameter, is drilled in the back of the valve 
into the exhaust cavity, for the purpose of bringing the vacuum 
through on to the back of the valve, but this is, in reality, 
continually blowing a column of steam into the condenser, Li 
the case of the Warrior^ this hole, not being sufficient to carry 
the steam from the back, a cock, C, 2^ in. in diameter, was 
fitted on to the door opposite the centre of valve, and commu- 
nicating with the condenser. This cock, when opened, re- 
lieved tne valve ; but so large was the amount of steam sent into 
the condenser by two 2^ in. pipes, that it immediately destroyed 
the vacuum. On shutting them, the pressure accumulated on 
the back of the valve, inside the packing-ring. 

The valve has, therefore, been considered as having all its 
normal pressure on it. Let us look at this question from a com- 
mercial point of view, and see what the friction of these valves 
mean, on the first cost of the engines, and on the fuel consumed 
to maintain that friction. It is evident that engines giving an 
indicated horse power eq^ual to 4744*97, with frictionless slide- 
valves, will be as effective in propelling the ship as those of 
6410 indicated horse power, with the ordinary valves . 

Now the indicated power divided by the nominal gives the 

ratio, and =4'32,and —^=154 nominal horsepower; so 

that engines of 1096 horse power nominal, with frictionless 
slide-valves and appendages, would be as effective as those of 
1250, and 154 x 60 pounds sterling per hoi-se power = 9240/,, 
which would be saved in the cost price. 

The engines of the Warrior consume 4^ lb. of Welsh coal 
per indicated horse power per hour ; 

665 X 4i ^ ^ - ^ ^ _ „ 
2240 ^^* 
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of coal per hour, saved by the application of frictionless slide- 
valves, which, at IL per ton, is equal to ill. 12s. per day, which, 
were she steaming two-thirds of her time, would amount to 
7710Z. per year, with packing at 3s. 6d. per lb., and repairs 
to maintain the present valve and appendages at 50/. per year, 
is equal to 7760/. 

Tne firm of Ravenhill, Salkield, and Co. lately applied a pair 
of 24-inch diameter cylinders to reverse the valves of a Turkish 
iron-clad, 800-horse power, lately fitted out by them, with 25 lb. 
of steam and 13 lb. of vacuum ; the two cyhnders exert a 
force equal to 34,3501b. The two cylinders were, however, 
utterly helpless ; they were not able to move the valves with 
steam on, tor which they were intended, in order to reverse the 
engines rapidly. 

Messrs. Humphrys and Tennant, of Deptford, fitted up the 
engines of the MooUariy 400-horse power, with a 10-inch hy- 
draulic press for reversing, notwithstanding the valves had the 
usual packing-rings at the back. This press was equal to a force 
of 84,000 lb., and reversed the valves with steam on, but re- 
quured twenty seconds of time from full gear ahead to full gear 
astern. 

This, then, is the evil of which the paper complains. Its 
next step is for the remedy. 

There is no word more potent with meaning than the word 
equilibrium. It admits of no intermediate solution in its mean- 
ing. It means the balance of forces, whether in a state of rest 
or of motion. It is nature's first and grandest law, and by 
it the order of matter in motion is maintained. 

Fig. 16 is a section of the valve, of which Fig. 17 is a plan. 
It consists of a rectangular block, with the exhaust cavity cut 
out. 

We will now consider whether a plain ring on the back of the 
valve, and working against the door, will or wOl not be steam tight. 
The ring is three-quarters of an inch thick, and two flat springs 
are put under it to Keep it up to the door, and the surface bearing 
against the door is three-quarters broad. Steam of low pressure 
is let in, and all is tight; the pressure gradually rises, and at 
261b. per square inch a blow commences. The higher the 
pressure now rises, the greater the blow. The ring is now taken 
out, and a quarter of an inch all round the inside is cut out in 
the lathe a quarter inch deep, as shown at D. It is now put 
into its place again, with the same springs under it, giving it 
the same force against the door, but only half an inch instead 
of three-quarters. Steam is let in, and at 261b. it is tight, 
and at 30 lb. also; but as the pressure rises, and the gauge 
shows 40 lb., a leak is discovered, the pressure rises, and the 

c2 
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20 ON THE PBICTION OP THE SLIDE-VALVE 

blow becomes stronger. The rin^ is again taken out, and 
another quarter of an inch recesseaout of the inside, as shoT^-n 
at E, leaving only a quarter of an inch to bear against the door. 
With surfaces properly got up, this is quite sufficient breadth to 
keep tight. With the same springs again under the ring, 60 lb. 
pressure did not produce a blow, but the author had every 
reason to believe it would take place at about 78 lb. This 
was the experiment which determined the relative surfaces of 
both valve and ring; which showed, without the least doubt, 
that the steam insinuates itself, when the valve moves against 
pressure, between the surfaces. 

Fig. 18 is a section of a valve in middle position over the 
ports fitted for Mr. Cowan, of the Great North of Scotland 
Railway, and proportioned so as to work easier with steam of any 
pressure on it than when steam is shut off, and to be steam tight, 
and beyond the reach of a break down from causes attending 
working, and to be cheap of construction; the valve being 
arranged so that the whole of the labour in getting up is done 
by machinery ; the mode of construction being, to plane the face 
and edges. If out of winding it requires no filing or scraping, 
chuck it in the lathe, and bore ancl turn it. The buckle is a 
hoop of iron, bored in the lathe, and the spindles turned. The 
ring is cut with a butt joint, an eighth ot an inch to the foot 
diameter being cut out ; the ring is closed by chucking it in lathe, 
where it is bored and turned to fit its place in valve. Put two 
flat springs under the ring, and the valve will be finished. It 
requires no getting up by hand tools. Fig. 18 shows a fillet, F, 
on the ring, the steam being allowed to act under the fillet, so as 
to keep it up against the door. 

The rin^ K oeing recessed inside as shown, the exhaust pres- 
sure of a high-pressure engine and the vacuum of a low-pressure 
engine act equally on the top and bottom sides, holding it in 
equilibrium. Thus the ring is balanced. 

As soon as motion of the valve takes place against the 
pressure, the steam exerts its force between the surfaces. If the 
valve receded before the pressure, as in a piston, then a force 
pressing the ring against the door equal to the exhaust pressure 
would be sufiicient, as is the case with a piston : but most pistons, 
except Ramsbottom's, or those similar to that used on the North 
London Railway, leak when heavy compression sets in, and the 
pressure at which they will leak will depend on the force pressing 
the metallic ring against the sides of the cylinder, and the re- 
peated compressing of the metallic ring during compression is 
the cause of those pistons, which have springs to keep them 
tight, having to be so often set up. 

In a valve box full of steam there is a film adhering to the 
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surface of the metal. So lone as that fihn possesses the tempera- 
ture of the steam, no matter now thin it may be, it possesses the 
pressure of the surroimding steam, and a valve sliding along 
the surface, slides on this film, and that is the reason why the 
author's valve works easier when steam is on than when steam 
is off. 

Experiments have been made by the author to determine this 
by exposing the surface of the cylinder to a cooling process, in 
order to destroy the temperature of this film, but when cooled so 
as to condense the film, it loses its force. 

Experiments have also been made with a view to squeeze out 
the fiun by pressure. This pressure varies with the condition of 
the steam, being least with superheated steam, and greatest with 
moist steam ; but in no case does it take more than thirty-four 
per cent, above the balance to do so, and when squeezed out, 
friction sets in all at once, with a force equal to the whole 

f)ressure imposed. This film, while it exists, acts the part of a 
ubricant, but the force which will destroy it, is the amount of 
work done. It is an elastic fluid, possessed of heat, and will give 
off an amount of energy equal to the mechanical equivalent of 
its heat. It ^-ill therefore only carry a certain weight, which it 
does as the valve slides over it, and when its heat is destroyed, 
friction sets in. 



February 19tfi, 1866. 
ZERAH COLBURN, President, in the Chair. 

ON THE FRICTION OF THE SLIDE-VALVE AND 
ITS APPENDAGES. 

By Thomas Adams. 

discussion. 
. Mr. Jensen said that Mr. Adams raised several important 
questions, on which he should like to offer a few remarks. As 
an inventor of what was no doubt a very excellent slide-valve, 
Mr. Adams very properly set about making experiments for 
himself to ascertain the real friction of a slide-valve. Probably 
the members of the Society had all been more or less startled 
with the results obtained. They had hitherto been used to esti- 
mate the friction of slide-valves accordine to the coefficients 
found many years since by M. Morin, and they now got, from 
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Mr. Adams, co-efficients very mucli at variance with them, not 
only in their value by themselves, but perhaps more so on ac- 
count of their differing from, and quite upsetting, the seem- 
ingly well-established law that friction within the limits of 
actual abrasion was quite the same under all pressures ; namely 
—other circumstances being alike — a certain per-centage of the 
pressure. It was true that doubt had been thrown on Morin'a 
experiments more than once, but the accepted laws of friction 
had not been upset. An attepapt must, therefore, be made to 
account for the difference in the co-efficients. First, there was 
no doubt that temperature had something to do with the dis- 
crepancy, but to what extent it was difficult to see. On examin- 
ing the data given a better clue might be found for them. 
The friction witli 10 lb. pressure of steam, with 240° tempera- 
ture — ^the proper temperature for that pressure, showing that 
there was no superheating — ^he gives as '206 and '235 co-effi- 
cients for cast iron on cast iron, for a pressure of, respectively, 
20 lb. and 70 lb. per square inch of rubbing surface. These co- 
efficients are high compared to Morin's, which give '18 to '19, 
but with slightly greasy surfaces ; and Morin aaded that, with- 
out that slight lubrication, the surfaces abraded. As this was 
not mentioned in Mr. Adams's paper, he (Mr. Jensen) supposed 
there was no abrasion, and that the steam, although blue, did 
not prevent a slight condensation between the surfaces, but con- 
tained just sufficient watery particles to prevent abrasion. These 
co-efficients seemed not to oe much at variance with the old 
co-efficients given by Morin and other experimenters. But 
those which followed were very startling : with 60 lb. pressure of 
steam and 381° of temperature, he got as friction co-elficients 
•269 and '362 for a pressure per square inch of rubbing surface 
of, respectively, 1201b. and 4201b. That the friction should 
increase so enormously on account of the temperature, which 
was only 140° more than in the first experiments, was strange ; 
but he (Mr. Jensen) believed it was only on account of the 
steam being superheated. The steam-tables gave for 60 lb. 
pressure 307*5°, out Mr. Adams had got 381° ; hence the steam 
must have been 74J° superheated. It could not have had any 
moisture whatever, and abrasion must have taken place — ^pery 
haps not enough to show at once, but it would be manifest after 
continued working. He could not reconcile these co-efficients 
with those by Mr. Adams, for hot dry surfaces given further on 
in the paper, namely, '18 to •21, according to the closeness of 
the texture of the metal. He should be glad to hear any ex- 
planation of the discrepancy. Mr. Adams's experiments also 
gave the friction of sm'iaces when started from a state of rest ; 
and tliis was always higher than the friction of surfaces in 
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motion. He (Mr. Jensen) thought it was hardly fair to use the 
high co-eflBcients found by Mr. Adams in his calculation of the 
friction of locomotive and marine-engine slide-valves. He used 
•354 instead of, according to his own experiments, '21 or '18. 
This w^ould at once reduce the loss by friction to half the 
amount Mr. Adams stated, and, if the steam was not quite dry, 
even to a greater extent in locomotives. He (Mr. Jensen) 
thought the steam was not quite dry in general practice. He had 
next to note the high-friction co-efficient Mr. Adams used in 
calculating the friction of eccentrics. Moriu gave the friction of 
cast-iron shafts in gun-metal bearings, more or less lubricated 
(an analogous case to that of a cast-iron eccentric running in a 
gun-metaleccentric strap), as ranging from '054 to '19, and for 
snafts lubricated in the ordinary way '07 to '08. Mr. Adams 
used what he called the low co-efficient of '15, or exactly double. 
Consequentlv the friction of eccentrics would have to be reduced 
another half. Further on, Mr. Adams stated that the positive 
force of the valve multiplied by the co-efficient of friction would 
be equal to the direct pull on the eccentric, and this force multi- 
plied by the co-efficient of friction due to a cold lubricated sur- 
face, and by the space passed through by the periphery of the 
eccentric in feet per minute, divided by 33,000, cave the horse 
power required to work the eccentrics, j^ow tnis is not ex- 
pressed correctly, and can be misunderstood. The rule was 
this : multiply the load required to work the valve by the cir- 
cumference of the eccentric in feet, divided by double the stroke 
of the eccentric in feet ; • multiply the quotient bv the number of 
revolutions per minute and by the co-efficient of friction due to 
such a case, and divide by 33,000. The result is the horse power 
lost in friction of the eccentric. Mr. Adams may or may not 
have used this rule in his calculation, as he did not show the de- 
tails of it in the paper. When they came to the consideration of 
the strength of valve spindles, it seemed obvious that the friction 
of the vaJve had nothmg to do with it. Although Mr. Adams 
used very high co-efficients, and thus found the friction t» be 
enormous, stul, he said, it was only equivalent to 4600 lb. per 
square inch of section, which was only ^ of the tensile strength 
01 good steel, and ^ of its strength to resist crushing. We 
must, consequently, seek for some other reason independent of the 
friction of the slide-valve. Various reasons might be assigned for 
it ; for instance, hard packing in the spindle stuffing-box, or the 
presence of grit there ; or the exposure to a transverse strain by 
not being properly guided; or the deteriorating influence of 
sudden blows many times repeated, either through the presence 
of water in the cylinder or simply the sudden reversmg and 
stopping of the engine. He (Mr. Jensen) left it to locomotive 
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engineera to say whether the sand-box had anything to do with 
the breakage of spindles. In marine engines we did not hear of 
frequent breakages of the slide-valve spindles, nor in stationary 
or portable engines. No doubt a great saving would be effected 
by a perfect equilibrium sUde-valve, and he hoped Mr. Adams 
had really at last found it. 

Mr. Olriok said that, in discussing the paper, it would be as 
well to pass rather quickly over the first part, which described 
Mr. Adams's theory of the molecules. It was well known that 
Dalton was the first who adopted that theory, and it had since been 
used 'by many eminent scientific men, because it was convenient 
for manv purposes. Mathematicians, however, entirely denied this 
theory, for the simple reason, that it assumed that atoms could 
not be divided, which was shown by a diagram that they could 
be infinitely. In respect to the other part of the paper, they 
must all be very much obliged to Mr. Adams for havmg brought 
the subject before them. He had started a new era in the 
knowledge of friction. All Morin's data were based upon cold 
surfaces. Mr. Adams had given data from hot surfaces on hot 
surfaces. He (Mr. Olrick) did not agree with Mr. Adams on 
some points, but still he believed that Mr. Adams had mven 
engineers a great " lift" in the right direction to understand the 
subject properly. It must be recollected that Morin gave two 
co-efficients of friction — one for the friction of a surface rubbing 
against another when in motion ; the other was for starting 
from rest. Mr. Adams had only given the co-efficient when 
starting from rest, and, unfortunately, had made the mistake of 
applying that to slide-valves in motion, and so had come to 
wrong conclusions and results. In Morin's statements, the co- 
efficients of starting were, as a rule, in the case of cast iron, 40 
per cent, higher than those of surfaces in motion; and with 
other materials they were as much as 60 per cent, higher on an 
average. On the theory of friction there was a great deal of 
difference of opinion. Some five years ago, he (Mr. Olrick) had 
a cfhtroversy with the present president, Mr. Colbum, on the 
subject. He (Mr. Olrick) was of opinion that steam pressure 
acted in the same manner on steam-tight surfaces rubbing 
against each other as dead weight. At the time of the contro- 
versy, Mr. Oolbum was of opinion that steam pressing upon 
surfaces would go in between the surfaces in contact and press 
equally upwards and downwards ; but he was cautious enough to 
say " for ordinarilv finished surfaces." He (Mr. Olrick) quite 
agreed with that ; but if, instead of using a surface just as it came 
from the planing machine or the file, they used a surface scraped 
up, as it was done in the best shops in London, or by Joseph Whit- 
worth, of Manchester, he was perfectly satisfied that steam would 
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not go between. Mr. Adams said, in his paper, " The steam says, 
* I am master, and I will go between your surfaces, and I will not 
go out until you can apply a force greater than the area in contact 
multiplied by the pressure.' " That was correct, because there 
always was, or ought to be, a much greater surface applied for 
the steam than for the negative pressure to act upon. It did 
not, however, apply to all surfaces, for in one instance, in which 
he was anxious to know whether a slide-valve was steam-tight 
which had been under steam for three days, he ordered the nill 
steam to be put on, and, although he was inside the cylinder, he 
did not observe the slightest sign of steam or water coming 
through, or of any leakage whatever. The steam was most 
likely to pass through at the narrow strips in the valve. He 
maintained that, in that case, the slide-valve was perfectly 
tight. There was no sign, when he examined the vacuum 
gauge, of any steam passing improperly into the condenser. In 
practice, the slides ought to be kept well tallowed or greased ; 
forj^ although it might seem that the grease would no more be 
able to get in between the surfaces than the steam, still it is, 
nevertheless, an established fact that it does, and the explanation 
is, that it is drawn in by capillary attraction, and the presence of 
it would assist to keep the steam out. As long as the slide was 
not overloaded, the grease would be retained and the surfaces 
would not be cut. Mr. Adams next stated that, when there was 
steam above and below, the valve of the slide would be friction- 
less. There would be veiy few practical men who did not know 
that that statement was incorrect, because a slide was much 
heavier to move backwards and forwards, when the steam was 
on, than off. It might apply to surfaces without holes in them, 
but in practice there was, to his knowledge, no opportunity of 
using steam on surfaces without holes. Every one knew that, 
for mstance, a large slide-valve, 4 ft. square, could easily be 
moved forwards and backwards on the surface-plate by one 
man only at the commencement of the operation of scraping 
it up to a true surface, but when finished eight or ten labourers 
would be required to do the same work. This example proved 
that even atmospheric air only had power enough to press 
down the slide-valve on the slide-face, and cause the additional 
friction, which would not take place if the air had passed in be- 
tween the surfaces and pressed equally upwards and downwards. 
Another example was the case of hydraulic engines. It had 
been stated by Mr. Colbum that surfaces would move equally 
easy whether they were under water pressure or in the open air. 
He (Mr. Olrick^ did not believe that. Mr. James Hendry would 
no doubt, from nis experience with hydraulic machinery, be able 
to state that a child could move the hvev before the water 
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pressure was on, but afterwards nearly a man's whole power was 
necessary to move the same lever when the water was fully on. 
These were the reasons why he believed that steam pressure on 
surfaces was equal to dead weight. A little further on in Mr. 
Adams's paper there was a great discrepancy as to the co- 
efficients of friction of cast iron for hot oiy surfaces. In one 
Slace they are given as ranging from '206 to '362, but further on 
Ir. Adams says they are ranging from '18 to '21, according to 
the closeness of the composition. He (Mr. Olrick) wanted to 
know how he accounted for this. If the circumstances were the 
same, the co-efficients ought either to be as high in one case as 
in the other, or there ought to be no co-efficients at all, as it was 
stated that if a piece were cut out, the steam would go underneath, 
and the slide would then be frictionless. There was one practical 
question which had often caused a great deal of diflFerence of 
opinion and a great deal of controversy ; that was whether it 
paid to spend so much time on slide-valves to get them scraped up 
in the beautiful manner in which they were generally done oy our 
first-class manufacturers. His (Mr. Olrick s) opinion was about 
midway between the extremes of opinion on the subject. If the 
slide-valve and slide were cast, as nearly as practicable, with 
equal thickness all over, the heat would cause no particular 
strain on any part of the slide-valve or slide tending to throw 
them out of truth. If a slide could be scraped up under steam 
pressure, no doubt it would be better, as it would be nearer the 
circumstances under which it was to work ; but in most cases it 
would be impracticable to do so, and, at the same time, he had 
seen many slides which had been scraped up when cold, and yet 
were perfectly tight. He had during the last three or four years 
seen several slide-valves taken out of screw colliers made in the 
North, and they had evidently never been scraped at all, but were 
as rough as when they came from the planing machine, and had 
grooves in them J in, deep. That was the consequence of leaving 
them in that state, without filing or scraping. Some persons said 
one sm-face should be planed the way of the grain of the iron, and 
the other surface the other way, but it was very difficult to tell 
which way the grain went, especially in a casting. This plan 
might do in some cases, but he coulcf mention many in which it 
did not answer. As regards Mr. Adams's calculations, he (Mr. 
Olrick) had checked them, and found them arithmetically correct, 
but still they were incorrect, because the data from which he 
made his calculations were erroneous. He used throughout his 
calculations a co-efficient of friction of •354. He (Mr. Olrick) 
was certain that that should be '15, because, according to all ex- 
periments made previously, it had been found that when cast iron 
rubbed against cast iron, without grease, there was a cutting, if 
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the co-efficient of friction exceeded '15. When the same surfaces 
were well greased, the co-efficient would be reduced to -07 or 'OS. 
And in the case of eccentrics, the co-efficient used was '15 ; but, 
according to Morin, brass on cast iron had a co-efficient of '07. 
The first co-efficient was, therefore, one-third, the second one- 
half, of what Mr. Adams cave. He (Mr. Olrick) should there- 
fore simply divide the final result which Mr. Adams represented 
as the amount of power consumed by the friction of the valves 
and the eccentrics of the North London engine — ^namely, 129 
horse power — by six, which gave about 20 horse power, and 
engneers would agree that that was much nearer the truth. Mr. 
D. K. Clark, in his " Railway Machinery," gave the friction of a 
similar-sized slide-valve as about 20 horse power. If Mr. Adams's 
calculations were right, and were equally applied to all other 
parts of the engine, there would be more horsepower consumed 
m friction than the engine would indicate. The strength of a 
slide-rod must be calculated from the greatest strain that could 
at any time come on the rod, and this is found in the following 
manner — viz. : multiply the total pressure by the area of the slide- 
valve, and that again by the friction co-efficient '14. This co- 
efficient should be used for cast iron on cast kon slightly greased 
or wetted. The result is the weight to be pushed or lifted by the 
slide-rod. Now, in calculating the diameter of a piston-rod, or a 
slide-rod} it is necessary to take the crushing lorce into con- 
sideration, being generally less than half that of the tensile force 
of wrought iron— viz. about 27,0001b. to the square inch — and 

27 000 
allowing a factor of safety of 10, we get ^ =2700. 

Having found the weight to be pushed or lifted by the slide- 
rod, divide same by 2700, and the result is the area of the slide- 
rod in square inches. For instance, in a high-pressure engine, 
having a slide-valve 24 in. by 20 in., the area would be 480 sq. in. 
With a pressure of 1001b., that would^give 48,000. That multi- 
plied by the co-efficient '14, and divided by 2700, would give the 
area of the rod as 2*54 sq. in., equal to a diameter of l\^. 
Allowing something for wear and tear on the rod, it would be 
about 2 in. in diameter. According to his (Mr. Olrick's) opinion, 
Mr. Adams makes here a great mistake in using the average 
pressure in his osculation instead of the total pressure, which if 
not used may result in a serious break down. 

Mr. William Adams said he had tried the valve under dis- 
cussion in its present improved state, and he had tried Mr. T. 
Adams's valves in locomotives in various stages of the invention ; 
they all possessed more or less of the elements of success. The 
valve, as he (Mr. William Adams) was now using it, he con- 
sidered a substantial success. It had been working for the last 
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five or six months in one of his engines. It so enthrely removed 
the steam pressure on the valve, that it was really easier to re- 
verse the engine when the steam was on than when it was o£f. 
That probably arose from the steam giving a lubrication to those 
parts. Some years ago he had charge of some steam-boat engines 
which were fitted up with ordinary slides. They did the work 
tolerably well which they were intended to do, but it afterwards 
became necessary to increase the pressure on the boiler to more 
than double, and it was then found that the valve, which had 
stood very well under the old pressure, was quite inadequate to 
resist the greater strain put upon it, and manv parts doubled up, 
and the keys came loose. It was found that the only thing to be 
done was to put in equilibrium valves. That being done, the 
valve motion stood perfectly well. He believed that generally in 
marine engines there was packing under the gland or ring. That 
stood pretty well, except when the steam was rather high — some- 
thing over 120 lb. to the inch. At that pressure the packing re- 
quired constant renewing. In Mr. Adams's valve there was no 
hemp packing or anything of the kind, but it depended for its 
steam tightness upon the elasticity of the ring, which was turned 
to a larger diameter than the cavity it went into. It was cut 
across the edges and sprung into its place with such an amount 
of force as would give it steam-tightness. He considered that a 
great improvement made in the valve consisted in adapting what 
might be called a piston-ring, instead of the solid ring that was 
formerly used. Before trying the experiments with this valve, 
he (Mr. William Adams) tried several valves which he had 
schemed himself, but they all had this solid ring, and the uniform 
result was an increase in the consumption of fuel, bs the steam 
used to blow through. The circumference of that ring left a 
very considerable opening for leakage. It was a very nice point 
to get it of such a diameter as would leave it sufficiently free for 
working properly, and al the same time make it steam-tight. 
That had always been a difficulty. If it were made too nice a 
fit, a little dirt might get in and make it stick fast, and if it were 
made too slack it would leak. In the present case, if there were 
any leakage, it came from a very small area indeed. Something 
had been said about valve spindles. He had found on inquiry 
that those which had broken had worn and been turned down, 
and thus reduced considerably from the original diameter. Still, 
with a pressure of 1601b., the friction was very great, and he 
was quite alive to the necessity of applying, if possible, a proper 
equilibrium valve to locomotive engines. In dealing witn very 
high pressures, engineers had to encounter difficulties which they 
did not always foresee. He had one engine on which he had tried 
cast-iron slicle-valves, but the cylinders were rather soft, and the 
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two metals did not agree. The consequence was, that the work- 
ing part of the slide wore down very rapidly, and the face of the 
cjoinder had to be lined with a brass facing. It was not a very 
judicious thing to do, but it worked tolerabfy well for some time. 
That engine had recently had a new boiler, and been worked to a 
high pressure — 160 lb. The brass cylinder face, which worked 
tolerably well before, had been reduced in about two months 
above ^ of an inch in thickness. It was his intention now to put 
a pair of equilibrium slide valves into that engine, to see how the 
valve faces would work when the pressure was removed. 

Mr. MoBRis said, that Mr. Adams seemed to say that an 
enormous quantity of the power of the engine was absorbed by 
the friction. Had he made any attempt to prove the loss of 
power, comparing the indicated horse power of the engine with 
the effective work that was done in its journey t 

Mr. C. F. T. Young said, that they must all admit that what 
engineers chiefly aimed at was to get a certain amount of power 
out of a machine. Whether a marine, stationary, or locomotive 
engine, there was considerable power required to move the slide 
even when cold. If that power could be applied in propulsion, 
instead of in moving the gearing, or those portions of the engine 
which enabled it to work, the power would be more useiuUy 
employed. He would not say that Mr. Adams's method of 
effecting this was the best plan that could be made, for there 
was no finality in engineering ; but, so far as he had seen, it was 
certainly the best. The arrangement was simple, cheap, and 
well smted to the purpose. In designing an engine, engineers 
should adopt such means as would secure the power being em- 
pWed usefully, rather than in tearing the engine to pieces. 

Mr. Cargill said that, if he mistook not, the opmion which 
Mr. Oolbum had expressed with regard to the introduction of 
the steam between the surfaces of the valve was, that the steam 
did practically insinuate itself. This was simply a question of 
contact. If the surfaces were in perfect contact there could be 
no insinuation of the steam ; but engineers all knew that, strictly 
speaking, there was no such thing as absolute contact. If, how- 
ever, perfect contact were attained in a new valve, so that there 
was no insinuation of the steam, it would be soon destroyed, 
unless the two surfaces wore equally ; and it was known that 
cylinders would not wear equally. When the steam got between 
the surfaces, the real pressure on the valve would not be simply 
a downward pressure, but the difference between the pressures 
within and without. Great praise was due to Mr. Adams for 
his elucidation of the subject of slide-valves. 

Mr. ScHoNHEYDER said that, as an instance of the very great 
friction of valves that were not equilibrium valves, he would 
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mention the case of a boat tried on the Thames a few years 
back. The full area of the valve was about 370 sq. in. ; the 
pressure in boiler was 20 lb. ; the steam was condensed in the 
engine, so that the total pressure on the valve might be reckoned 
at 30 lb. per square inch, assuming some loss between the boiler 
and the engine, and assuming, oi course, that there was not a 
perfect vacuum. This would give a pressure of 11,100 lb. on 
the whole area. The levers for starting the engine had a lever- 
age of five to one, and th^y could with very great difficulty be 
worked. At one time it was found impossible to start the 
engine for a few minutes. Four men hung on the lever, and at 
last a crowbar, with a very short leverage, had to be applied to 
the valve spindle itself. The force thus exerted in starting was 
equal to at least 3000 lb., which would give a co-efficient of 
fnction of about one-third. It was afterwards found necessary 
to put an equilibrium valve to this engine. As to the best way 
of finishing slide-valves, he had seen instances in which they had 
been set to work when they had been simply finished on the 
planing machine. If the two surfaces of a valve were planed in 
such a way that when they were at work the strokes of the 
planing on the two surfaces would cross each other, they would, 
after some time, work themselves to a perfectly true state. He 
had found it very advisable after a new engine had been at 
work, if only for half a day, to take the valve out and ease the 
faces where the hard places were. Those hard places generally 
occurred at the sides ; and he accounted for that by the fact that 
the temperature of the steam on the steam side must always be 
greater than the temperature on the exhaust side. He conceived 
that, with any high pressure, it was impossible to make the valve 
so that it would remain perfectly true when the heat got to 
it. With reference to the strength of valve spindles, which had 
been alluded to by Mr. Olrick, it was no use to construct a 
valve spindle only just strong enough for average friction. It 
must be strong enough for the highest amount of friction that 
could ever come upon it. A co-efficient of friction of '3 was not 
too high for a slide-valve. 

Mr. Henry Davey said that Mr. Olrick had spoken of the 
friction of slide-valves under water pressure. He (Mr. Davey) 
had found that, with a pressure of from 500 lb. to 700 lb. per 
square inch, the friction was often so great as to cause break- 
ages. He had applied a pair of Mr. Adams's valves, described 
as being a former stage of the invention, and he had experienced 
the disadvantages which Mr. Adams had mentioned in his paper. 
It had occurred to him that a valve might be constructed with 
a plate of metal at the back of the valve at a slight inclination 
to the cylinder face, the valve being made at the same angle to 
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fit as a wedge between the two sarfaces as shown in Plate TV. 
Fig. 1. The tendency of the steam would be to wedge the valye 
between the two faces, and the pressure would be represented by 
AB multiplied by the distance CD, multiplied by the pressure 
per square inch. In cases where double steam ports are re- 
quire^ instead of a plate at the top of the valve, it should be 
constructed as shown in the drawing. He had made some 
experiments with a slide-valve similar in principle to a Cornish 
double-beat lifting valve, as shown in Fig. 2. The top and 
bottom areas can oe proportioned, so that toe steam shall have 
the same tendency to lift as to press down the valve. A valve so 
constructed had acted very well for a 10-inch (ylinder, but, in 
cases of larger valves, the unequal expansion of the valve and 
steam-chest, together with the expense of fitting, had induced 
him to abandon the idea. 

Mr. Thomas Adams, in reply, said that the experiments of 
Morin had been quoted ; the only published authorities on the 
subject were those of Bennie and Morin. From his own experi- 
ments, he could not put the least confidence in General Morin's 
experiments with reference to the slide-valve. He had not said 
wnat weight was applied in any one case. The co-efficient of 
friction would not be the same at 10 tons as at 20 tons. Unless 
the weight was specified, the co-efficient could not be relied on. 
Rennie had entered better into the subject, for he had actually 
given the weights, and his results were not far wrong. Morin put 
a block on a plane, and found the point at which it slipped, both dry 
and under lubricants. He then took a tan^nt of the angle ; that 
could not represent the co-efficient of fnction in any one case 
unless the molecules partook of the form of a perfect sphere, and 
just in contact. In such a case the tangent might be made to 
represent the co-efficient of friction, but in no other case could it 
do so. The greatest angle of contact of molecules was 30° ; the 
sine and cosine would always represent the leverage of any angle, 
whatever the position might be. If the sine be taken to represent 
the force pulling the molecule one way, and the cosine to repre- 
sent the force pressing downwards, the two forces would be 
arrived at directly. It the sine and cosine were taken as the 
two sides of a parallelogram of forces, that would give the result 
which was wanted. ELere the sine was greater than the cosine 
of 30°. The cosine was greater than it was at 30°, while the sine 
was reduced. This showed that the co-efficient of friction would 
be reduced as the molecule came this way, and it was quite pos- 
sible to show by that means that the co-efficient of friction in 
motion would be less than the co-efficient in rest. But that entirely 
depended upon the form of the molecule. With an angle of 46° 
the sine and cosine were equal, making them equal to the paral- 
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lelogram of pressures. The same held good in the case of the re- 
sistances which this molecule maintained when this was passing 
over it. The two forces passed tlu'ough the point of contact. 
This proved this to be the angle of stability, and to be the 
greatest angle. If the sine were made greater than the co- 
sine, the angle would come down, and cuttmg would take place, 
as the molecules would cut each other. For taking the co-efficient 
of friction, the sine and cosine were unity. The radius had 
nothing whatever to do with it. The radius represented the pull 
on the valve spindle and the pressure one way ; therefore it could 
not be unity. The co-efficient of '18 given in the tables was with 
20 lb. pressure and soft metal, composed of all pig iron ; in the 
next table the metal used was half Hematite, quarter Gartsherrie, 
and the remaining quarter was composed of three parts scrap and 
one part wrought-iron turnings. This gave a better co-efficient 
of friction '21. Morin's co-efficients of friction, with respect to 
the shaft of an eccentric, approached each other pretty nearly, 
but not when there were great strains, because an eccentric strap 
was always made very thm. When the force came on the strap 
it would wrap round, and embrace the shaft in a complete semi- 
circle. A bearing would not do so, being always made to rub 
not more than two-thirds of the surface. Mr. Jensen had spoken 
of the breaking of valve spindles, but with a properly made 
stuffing-box there was no nsk of such breakages. No disturb- 
ance in a valve could ensue from water in the jacket so long as it 
did not enter the cylinder, for if water were present the regulator 
was supposed to be opened, and the water could then go back 
into the boiler. Mr. Colbum's opinion had been quoted. He 
(Mr. Adams) had found that all nis experiments went to prove 
that that opinion was quite correct. Air. Olrick had said that 
the steam could not enter between the surfaces of the valve. 
All the co-efficients of friction which he (Mr. Adams) had given 
were formed with perfectly tight valves. AH ordinary valves were 
steam-tight with the usual pressure upon them, provided that 
the faces were tolerably true. They would not, however, with- 
stand water; that would go in where steam would not. The 
only valve, which he had known to be tight with water, was in the 
Galateay by Penn. The steam would go in between valve surfaces 
when they were within a balance of 24 per cent. ; above that, 
steam would not enter. He had found that the valve acted as 
well with the steam on as with it off ; that showed him that the 
steam was acting between the surfaces, and would not allow the 
valve to come in contact with the cylinder face. Mr. Olrick 
had stated that the valve was not f nctionless ; perhaps it was 
not perfectly so mathematically, but it was practically. Su- 
perheated steam had a great deal of friction, and would cut ' 
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like emery, but with saturated steam there was practically no 
friction. He had made no experiments to ascertain the co- 
efficient of friction in motion, bat he did not believe there was 
much difference between that and the co-efficient of rest. Morin 
had found that in many cases the co-efficients in motion and at 
r^ were the same. Morin had found a higher co-efficient of 
friction when water was used as a lubricant than when the 
surfaces were dry. He gave '19 for dry surfaces, "814 with 
water as a lubricant. Could that be trusted to ? If *814 was 
rijght, the co-efficient in the case of a marine engine would be 
h^her than he (Mr. Adams) had stated. Mr. Olrick said that 
he thought about 21 horse power was required to work locomo- 
tive valves. He (Mr. Adams) must entu*ely differ from Mr. 
Olrick in the way he calculates the strength of piston-rods and 
slide-rods. Everybody knew that the weight multiplied by 
the co-efficient of friction was the pull upon the spindle. Mr. 
D^vey had asked whether the system could be applied to the 
double-ported valve. There was no difference whatever, except 
that care had to be taken which way the vacuum was acting m 
the double port Mr. Davey was auite right in what he said 
about one of the valves. He haa given two diagrams of a 
valve. The first drawing he (Mr. jAiSams) had not done any- 
thing with, but the second one he saw in the Engineer in April, 
1865, and signed ^^ Davey, Exeter." He had found in that case 
that there was 19 per cent, excess of negative force pulling the 
valve from its face in the case of a high-pressure engine, and 
39 per cent, in the case of a low pressure. Mr. Dave/s valve 
would not keep the cylinder face, and hence its failure. 

The Pbesident said Mr. Adams had gone at considerable 
length into the molecular constitution of matter. That would 
be a veiy proper field of inquiry if we could derive any distinct 
advantage from it; but the great difficulty in such questions 
was, that, in dealing with them, we were arguing entirely upon 
the unknown. The most profound philosophers in the world did 
not pretend that th^knew anything positively about the consti- 
tution of matter. The subject was a very tempting one, but he 
did not think that, by any theory as to the form or arrangement 
of the molecules of bodies, we should come to any true know- 
ledge of the properties or qualities of friction. He understood 
that Mr. Adams s theory of the cause of friction between two 
bodies might be represented by one surface studded all over with 
cannon-bSls, cut in halves, tms surface being laid upon another 
studded with corresponding projections. Here the force required 
to overcome friction was supposed to be really the lifting of the 
projection of one surface over those of the other. Mr. Adams 
did not seem to suppose that there was any real friction between 
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the molecules themselves. He (the President) believed there 
was a friction between the molecules of two surfaces of the same 
metal due to absolute cohesion, this cohesion being to some ex- 
tent destroyed by the movement of the surfaces. But all theories 
on these subjects were only speculations. As to steam getting 
in between two finished surfaces, that was a point on which, 
perhaps, they had not sufficient material to fcMin a positive 
opinion, although his own notions about it had always been much 
the same as Mr. Adams's. His attention was first called to the 
subject some years a^ by Mr. W. S. Hudson, a clever English 
engineer in Uie United States. He began to scrape his valve 
faces very carefully indeed at that time, and to get as fine a sur- 
face as he could. This was shortly after the publication of Mr. 
Whitworth's paper on the subject. He then scraped fiat pktes, 
without opemngs in them, ancl, on subjecting these to a pressure 
of steam, it was found that the friction of these surfaces was the 
saJiiQ. whether the steam was on or off. In all American loco- 
motive engines, the regulator was a sliding valve opened by a rod 
pulled out by a lever. The spindle of &e regulator presented 
only about an inch and a halt end area; but die friction of the 
valve was so little, that the pressure of the steam upon this area 
always forced it open if the le\ex was not screwed up with a 
thumb-screw. He (the President) believed that the steam 
alwavs penetrated between the suriaces, but not to the extent 
which Mr. Olrick supposed. The steam might jpenetrate the 
metal itself, for it was known that air woiud lorce its way 
through cast iron, and water would do the same imder pressure. 
Some of the members were familiar with the Corliss engines. 
There were two in the last Exhibition. They had separate 
steam valves and separate exhaust valves. As soon as it is re- 
quisite to shut off the steam on each strd^e, die connexion 
between the eccentric and the valve was intemqyted, and the 
valve flew back into its place, closing by the action of a mode- 
rate weight. At the moment it was to be closed, there was the 
same pressure in the cylinder that there was on the back of the 
valve. It was a vibrating valve working in a cylindrical case, 
but the principle was just the same as though it were a sliding- 
valve. It could hardly be closed by the weight, did not the 
steam actually penetrate between the wearing surfaces, thus 
putting the valve in a state of equilibrium. Tnat went to sup- 
port ^at Mr. Adams had said. Mr. Adams had menti<Hied 
several of his experiments with different areas of rings at the 
back of the valve. Those experiments showed substantially 
what had been shown on the Great Western Kailwav, in an 
arrangement once employed there. It was a piston at tne back 
of the valve working m a small cylinder on the bonnet. That 
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was made too large at first. Mr. Bourne also tried the same 
contrivance in some engines he made at Greenock or Port 
Olasgow; and he found that^ if the area of the equilibrium 
piston exceeded the united area of the ports, the valve was lifted 
off its seat. As to the ratio of friction, it had been pointed out 
by some of the speakers that Mr. Adams had applied to bodies 
in motion the co-efficients of friction of bodies at rest ; and he 
(the President) believed there was sufficient evidence to show 
that the co-«fficients would not be the same in both cases. It 
was supposed that the action of lubricants was to form small 
rollers between rubbing surfaces, by means of which one surface 
was enabled to roll over the other. Some years ago, Mr. Hick, 
of Bolton, placed small cylindrical rollers between the valve 
faces, but he (the President) could never learn that the plan 
had been adopted for any length of time in this country ; but the 
same idea was taken up in America some years ago by Mr. 
Bristol, of Chicago. It was said that this method saved a oreat 
deal of friction. There were many engines at work in whicn no 
lobricatinff matter had ever been adnutted into the cylinder at 
I all. In those cases the valves could only be lubricated by the 

, steam. If it were not that locomotives sometimes had to run 

j down inclines with steam shut off, their valves would scarcely 

need aa^ lubrication at all. As to the breaking (rf valve 
' spindles, it did not seem to have been pointed out in the paper 

tnat the jdane of resistance of die valve was ccmsiderably out of 
the axis of the spindle, and the spindle was strained with a 
leverage v^ different from the strain which was on the piston- 
rod. He did not know that he oujo^ht seriously to ffo into the 
calculatiiMis made by Mr. Adams with ref er^ice to me amount 
of power required in enmnes on the Great Northern Railway to 
i work the vanres, for he boieved that a no more unjustifiable con- 

clusion could be drawn than that one of their large engines con- 
sumed 220 horse power in working the valves. Oi course a 
I cood deal of the estimated friction was in the eccentrics, and 

! Mr. Adams had ^ven all the data for working out the calcula^ 

tions. The remaming 166 horse power would scarcely suffice to 
overcome the friction of the other parts of the engine at the rate 
; stated in the pap^. 



D 2 

Digitized by LjOOQ IC 



36 ON ABCHED HOOFS. 



March 5thj 1866. 

ZEBAH COLBUBN, Pbesidbnt, in the Chaib. 

ON ARCHED ROOFS. 

By Carl von Wessely. 

The present paper does not aspire to exhaust the very in- 
terestinj^ subject of arched roofs as it stands at present l>efore 
the pro&sion. Its purpose is only to describe some structures 
of this kind recently carried out with success, and to make a few 
cx>m^aratiye remarks upon their main features and merits. In 
offering the same to this Society, it is the hope of the author to 
elicit valuable criticism from different quarters, and by a dis- 
cussion of a subiect on the theory and practice of which very 
little has been published hitherto, to throw more light upon the 
many important questions connected therewith. It is a deside- 
ratum universally felt in the engineering profession to have as 
complete as possible a collection of the designs and details of 
important engineering structures : a contribution towards such 
a collection, however incomplete, may not be thought out of 
place before a society entirely devoted to the advancement of 
enmneering science. 

Arched roofs are the production of the conjoint requirements 
of beauty and strength. So long as a roof is destined to serve 
as a mere object of utility, an engineer would spend very little 
trouble in designing fine outlines and selecting noole proportions. 
Economy of matenal and workmanship dictate such plainness of 
design that, firstly, the engineer shall be able to take out the 
strains so minutely, as to reduce the sectional area to a mini- 
mum ; and secondly, that the roof is carried by itself and does 
not induce any transverse strains in the structure supporting it. 
The usual triangular principle is adopted in such cases. It is a 
very different matter when a roof is to be made for an archi- 
tectural building, for instance a large hall, where it is often the 
main feature of the structure. Fine outlines and simplicity, two 
main components of noble appearance, will be required most 
particularly. No obstructions to the view, as ties, struts, &c., 
are admissible. Architecture, having been always represented in 
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stone, forces its newlj acquired material, iron, into the cus- 
tomary shape of the pure arch. A more or less powerful hori- 
zontal thrust has now to be resisted, and a certain deficiency in 
the practicability of minute calculation of strains under imequal 
loads must be compensated for by the sound judgment of the 
engineer. Many different arrangements can be embodied in the 
structure supporting arched roofs, for taking the horizontal 
thrust, but no rules can be given for it. In each separate in- 
stance the arrangement must be adapted to the pecuhar nature 
of the case, and depends for its degree of perfection entirely 
upon the skilful design of the engineer. A few words on scientific 
investigations with regard to wrought-iron arched ribs may not 
be out of place, before beginning l£e description itself. 

The calculation of strains in arched roofs is one of the most 
difficult mathematical problems in engineering^ partly on account 
of somewhat complicated principles, on which a thorough inves- 
tigation should be f oundea, partly on account of a great variety 
in the position of the different parts of the structure. 

Unfortunately there is very little information on this subject 
to be found in English engmeering literature^ and not much 
more in that of other nations. The following is submitted as a 
means of approximately investigating the stability of wrought- 
iron arched nbs. 

It is well known that the way of ascertaining the stability of 
a stone arch is to draw the curve of equilibnum, which must 
remain within the depth of the voussoirs of the arch. 

This is not necessaiy in the case of iron arched ribs, which 
can be strained by tension as well as compression. 

The outer forces, which act upon an arch, are, (1) its own 
weight ; (2) the vertical ; (3) the iiorizontal pressure due to the 
resistance of the abutments ; the latter is transmitted unaltered 
through the whole of the arch, since there is no other horizontal 
strain acting upon it but that of the abutments ; (4) the pressure 
of wind and snow. 

In every arch there must be somewhere one particular point 
in which this horizontal strain is. not co-existing with any 
vertical force ; therefore, if we cut the arch through this point 
in two pieces, in either of them the state of equilibrium wdl be 
conserved by replacing the action of the other by that horizontal 
stnun. 

This point is coincident with the point of action for the re- 
sultant of all the vertical forces acting on the whole arch. 

Thus in an arch under its permanent load, the section before 
mentioned will be at the crown ; in an arch under both its per- 
manent and unequal loads, it cannot lie in its crown. The curve 
of equilibrium passes through that section with its vertex. 
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The way to find the horinontal strain i9 as follows : 
Oiven a semidrcnlar arch, loaded on n points, whose hori- 
zontal distances from the left hand springing are aiw^ . • . a^ 
with weights PiP* • • •Pn accordingly, and a^ me distance of the 
Tertical section before mentioneo, we And pi «i+j9i ^t • . • +^ 

p^^^= ^^*P ^=H y, where H is the horizontal stram and y 

the rise of the cmre of equilibrium. 

This equation f ^^*'p /»=H y 1 does not determine H or y, 

but assuming one of them, it ascertains the other. 

By taking i/=sy* (the height of the neutral fibre in section m) 
the vertex of the curve is drawn through point G ; H is thus 
determined, and section m is in compression according to H. 

It is quite dear that not all the other points of the curve will 
in this case fall within the neutral fibre of the arch, but will 
take the position as shown by the dotted line, though it must go 
through the supports. This causes a tendency for point B to 
move in the direction of the arrow, and strains in the flanges at 
that place will be effected accordingly. 

If the flatly of the rib in B should really not be strong 
enough to withstand this strain, there is no necessity jet that 
they should break, but the case will be as follows : 

y^x^y is assumed, so that the curve of equilibrium passes 
through B, and renders this point to be simply m compression. 



H is determined byjjthe equation Hi =- 



&* 



yi 



and acts on a 



lever =y twi, or in regard to section m on a lever y nii—y m, and 
will effect a compression in the upper flange and a tension in the 
lower one at this place. 

Fig. 1. 



-»H 
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Thus the fact that the section at B is in mere compression is 
conditional, and depends entirely on the presence of the said 
strains in the jSanpes at section m. 

In respect to l£ese considerations, it is certain that stability 
and rigidity of an iron arched rib can be fulfilled by different 
arrangements. 

AlUiongh it appears strange at first sight that in an arch, of 
which the architectural outlines are given, there should be no re- 
striction in assuming the rise of the curve of eauilibrium, accord- 
ing to which the different sectional areas could be determined, 
and that nevertheless the stability of the structure can be ef- 
fected, this will become obvious from the following example : 

Given an elliptical arch, in which the different areas in 
flanges, &c., have to be determined, the distances of the points 
where the loads act and the loads are determined. 

Then the equation ^px =. Hy can be formed, by which it 
'can be seen that H, the horizontal strain, might be taken ad 
libitum^ and that y will then be ascertained according to the 
equation. For instance, y may be taken equal to a*, which is 
greater than the rise of the arch, the vertex of the curve will be 
m C^, and its branches will go through the points of support, as 
shown in sketch. 

Fig. 2. 




H^ is determined bjr putting a* for y in the equation. 

The position of this curve leads to the remark, that in the 
crown, besides the horizontal strain Hi, which is transmitted 
through the structure and taken by the abutments, there will 
be a certain tension in the lower and a compression in the upper 
flange, due to Hi actmg on the lever CO ; mi that| foUowmg 
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the line of the curve from Ci towards Ai or A, there is a point 
Bi or B on each side, where the curve of equilibrium intersects 
the neutral fibre of the arch, and where only compression 
exists. 

The segment between Bj and B therefore acts as a eirder, 
while the joints at these points could safely be replaced by hinges 
as long as the load is eaually distributed. The abutments will 
in this case react with a horizontal strain equal to Hi. 

Fig. 3. 




Now, instead of the abutments, a tie may be supposed between 
Ai and A, and a screw in it, to effect any required horizontal 
strain on these points, and it may be arranged so that this horizon- 
tal strain is = H". By putting this H" into the equation, the cal- 
culation gives y = a", which is smaller than the rise of the arch. 
Ai G" A is now the curve of equilibrium. 

The horizontal strain H" is transmitted through the crown 
unaltered ; but, besides this, there exists at the crown tension in 
the upper and compression in the lower flange, due to H" and 
the lever CO", on which it acts. According to the curve as- 
sumed in this case, the whole of the arch will act as a girder 
under forces acting upwards, and the dimensions of the flanges 
and dia^nals have to be determined accordingly. 

No doubt, by means of the supposed screw, a horizontal 
strain, H, can be applied to the arch, so that the corresponding y 
becomes eaual to the rise of the arch a, in which tne entire 
•section at tne crown is in compression due to the force H. In 
other words, by means of a tie and a screw in it, the curve of 
equilibrium can be forced to pass through the crown, or through 
any other point in the vertical C^ 0", and if the material is dis- 
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tribnted in the Btnictnre according to a certain curve of equili- 
briom, it will enable the abutments to bear the horizontal strain 
belonging to this curve. 

On the other hand, this does not require that a wrought^-iron 
arched rib of a certain shape must have abutments of a certain 
strength, there being even a chance for the stability of an arch 
without any abutment or tie. The only consequence of this is, 
that the rise of the curve of equilibrium becomes oo, and the 
horizontal strain by the equation becomes 0. 

The crown of the arch wiU, therefore, be strained as if it were 
the centre of a straight gurder of the length A A^. Now the 
question arises, which curve of equilibrium, among so many 
which do not exclude a chance of constructing the arch, wiU be 
that one according to which the least quantity of material is 
required? 

Although the solution of this question with mathematical 
accuracy is a matter of almost impracticable complexity, the 
following consideration leads to a ^sufficiently^ practical result : 
namely, it can be proved by simple calculation, and by many 
instances of practical engineering, that a certain load distributed 
over a given space can be supported in a more profitable way 
by an arch, in which only compression prevails, and which rests 
between abutments, than by a straight girder. Therefore it is 
more profitable to arrange the material m a structure so that it 
is strained only by compression, than to have compression and 
tension coexisting in every part of the structure. 

From this truth a rule can be derived to lay tlie curve of 
eauilibrium so that its points may be as close as possible to those 
oi the neutral fibre. 

The further calculation of strains in the different parts of the 
structure (flanges and diagonals) can be dealt with by starting 
at an intersection of the curve of equilibrium with the neutral 
fibre, where the strain is known from the curve, and continuing 
by proper combination of this strain with the vertical loads. 

Main Abghed Root of the Dublin Exhibition Palace 

AND Winter Gabden. — (Plate 1.) 
The area devoted to the portion of the exhibition covered by 
this roof is 218 ft. 10 in. x 50 ft. 6 in. The space occupied by 
the Winter Garden, which is covered by a simflar kind of root, 
is 353 ft. 6 in. X 50 ft. 6 in., having a transept 33 ft. 8 in. wide 
and 50 ft. 6 in. long. These two areas are divided respectively 
into 13 and 21 bays of 16 ft. 10 in., as shown in the figure. It 
is proposed to consider the various details together, that is to 
say, the roof proper comprising the principals, purlins and 
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coTerin^, and the fimpporting structure, with the arrangements 
for taking the horizontal thrust. 

The outline of the arched rib principal is semicircular, the 
radius of the intrados being 20 ft. 6^ in., and the extrados 
28 ft. 1^ in. The rib is thus at its crown 1 ft. 6 in., and at its 

Springing 2 ft. 8 in. deep. It consists of a bottom and top 
ange each of 2 L irons 3^ in. x 2^ in. x | in. throughout its 
length connected together bj diagonal bars. The four diagonals 
next to the crown of the rib are 2^ in. x -jV in., the next three are 
2| in. X i in., then foUow three of 3 in. X ^ in., and the last three 
are 3:^ in. X 1^ in., the rivets for connecting ike diagonals to the 
flanges being f , ^, and 1 in. in diameter according to the strength 
of the diagonals. At their intersections the diagonals are con- 
nected by I in. rivets. At each point where the dimensions of 
the diagonals vary, the purlins are fixed. There are therefore 
three purlins on each side, exclusive of the ridge purlin at the 
top. The purlins are of cast iron, and their construction is well 
adapted for securing water-tight joints where the covering is 
fix^ to them. They are cast in lengths of 16 it. 10 in., 9| in, 
in height, and | in. thick, the bottom flange being ^ in. tUck. 
The web of the purlins is ornamentally perforated, the perfora- 
tions being glazed, and the joints of the purlins cnipped. For 
connecting the purlin flrmly to the rib, and to give it a certain 
amount of lateral stiffness, two ornamental brackets are fixed by 
four bolts, 1 in. diameter, to the rib, so that one end appears to 
support the purlin to which it is well bolted, and the part fixed 
to tne rib bemg ^ in. in thickness acts as a stiff strut. 

Under each of these brackets of f in. metal an ornamental 
finial is fixed to the soffit of the rib, on which a 7 ft. X f in. 
board is fastened to cover the open space between L irons. The 
two upner bolts of those connecting brackets to ribs serve for 
fixing tne wind ties, the ends of which are flattened down in the 
usual way, and have ri^ht and left-hand screws for adjustment. 

The roof of the Exhibition Palace is covered with Italian zinc 
and glass. The zinc is No. 14 gauge on rolls 3 in. x l^in. about 
1 ft, 2} in. apart. 

The Winter Garden is covered with glass on sash bars 2^ in., 
and 2i in. x 1^ in., about 1 ft. 2| in. apart. The glass or zinc 
overhangs centre of top flange of purlin 4^ in. 

The ventilation in this ro^ is effected by a novel arrangement 
at the top. The ribs carry in their centre cast-iron standards, 
which are connected at tlie top on each side by one L iron 
3i in. X 3i in, x ^ in., for supporting the covering and giving the 
standards lateral stability. The space between these two angle 
irons is used for ventilation, and can be opened or shut by means 
of a valve consisting of a piece of convex sheet iron fixed to a 
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spiudle ranning alon^ the roof and having a bearing in each of 
toe cast-iron standaroB. 

At certain places pulleys and balance weights are fastened to 
the spindle, trom wnich a cord goes down to the floor of the 
building. By means of this cord the spindle and valve can be 
turned, and the opening or shutting of the ventilator controlled. 

The whole apparatus is covered dv a piece of corrugated zinc 
forming the ri^ge, and fixed on small cast-iron supports. 

The main ribs weigh each 2^ tons. The weight of purlins in 
one bay is 1 ton 1 cwt. 21 lb., and the weight of orackets for one 
bay is 5 cwt. 42 lb. The entire weight of wrought and cast iron 
in one bay, exclusive of covering, is 3 tons 14 cwt. Each of the 
ribs is supported bv a cast-iron column, 45 ft. high from floor 
levely in three lengths. There are other series of columns, 32 ft. 
high, in two lengths, 16 ft. 10 in. apart from the columns sup- 
porting the main roof, thus forming squares of 16 ft. 10 in. The 
first tier columns carry at a height of 15 ft. casl^-iron girders 2 ft. 
deep, with ends widened out to brackets supporting the flooring 
of the gallery. At a height of 32 ft. they carry a cast-iron 
arched roof of 13 ft. 5 in. clear span. The inner columns sup- 
port the ribs by brackets, which are cast on the clerestory columns, 
the inner curve of which completes the semicircle of 24 ft. 6^ in. 
radius. The base of the rio is simply bolted to the top of 
springers with six 1 in. bolts. 

The horizontal thrust is transmitted by this bracket, and a 
flying buttress fixed to the column. The cast-iron principal of 
small roof is fixed to the inner and outer columns by bolts. 

This thrust tends to overthrow both columns outwards from 
the top, but they are strongly connected xmder floor level by a 
cast-iron girder 1 ft. 6 in. deep, and thus form, with the upper 
gallery girder and the arched roof, a strong frame. By havmg 
Sie connexions made sufiiciently strong^ and the columns in- 
creased in thickness at the required parts to enable them to 
bear the transverse strain, this frame oeoomes perfectlv rigid^ 
and takes the horizontal thrust without the aid of magonai 
bracing. 

The columns are cast in two lengths, one portion extending to 
the top of the gallenr girder, and the other to the lower and 
upper gutters in the first and second tiers. They are connected 
b^ four 1 in. bolts, two of which fasten the tie rods for the 
diagonal truss of gallery flooring directly to the column. The 
greater part of the permanent and moving load of the gallery is 
tnus brought directly on to the columns, and the gallery girder is 
left to take the thrust of the ribs. 

The capital of each column supporting springing of cast-iron 
eide roof is formed by brackets projecting from each side, leaving 
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the column itself to pass through. The water is carried off from 
the gutters of the main roof oy the columns. The two sides 
acting as flanges in relation to the transverse strain arising from 
horizontal thmst are | in. thick, the remaining two sides are | Lq, 
thick. The longitudinal girders of the gallery are connected to 
the colunms by dovetails cast on the columns at each end. fitting 
into corresponding grooves cast in the ends of columns, allowing 
^ in. space, which is run with lead. 

The bottom girders have 5f sq. in. sectional area in the top 
and bottom flanges, and are widened out at both ends so as to 
form a sort of square box, to which the bases of the columns are 
attached by four l^in. bolts. The columns with boxes and 
girders rest on foundations of concrete. The flying buttress is 
composed of several pieces shown in the detail drawings, the 
joints bein^ applied so as to secure correct action and good 
workmanship. The weight of ironwork in one bay of support* 
ing structure is 7 tons lo cwt 

Abghed Roof of the Debet Mabket Hall. 
(Plates 2 and 3.) 

The area covered by this roof is a rectangle 192 ft. long and 
86 ft. 6 in. wide. It is divided into eight bays of 24 ft. each. 
The roof is hipped at both ends, and therefore there are only five 
ordinary principals of 81 ft. 5 in. clear span. The principals con- 
sist of wroughl>-iron arched ribs, the inner and outer curves being 
true circles struck from the same centre, with radii of 43 ft. 9 in. 
and 41 ft. 5 in. respectively, the springing of rib being 7 ft. 6 in. 
above centre. The height of rib at crown is 62 ft. 10 in. above 
the floor level. The wrought-iron rib is of the same depth ^ 
throughout, and consists of -^ in. web, and top and bottom flanges 
each of two L irons 3J x 3^ x iV* 

At every alternate supporting place of the purlins the web is 
joined bv means of a joint plate 1 fl. 9 in. x 10^ in., i in. thick, 
which plate is also riveted on to the web at the other purlins as 
a strengthening plate. Angle irons extend always over two 
lengths of web. The web is ornamented in an original way. A 
neat desi^ of holes is punched out of the solid plate, leaving the 
material intact where it acts in a similar manner to diagonals. 
As holes show much better than mere lines or raised ornaments, 
the effect is much more powerful; besides, it seems the only 
right way of ornamenting a plate girder, because the main con- 
struction lines, adapted to certain scientific laws, are not only left 
intact, but even brought out to a greater extent. Ornamentation 
by casings wid ornaments stuck on may be sometimes really re- 
quired, but if the real working structure can be made in itself 
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good looking, its merit is far greater. These holes (the larger 
ones, about 6 in. in diameter) were punched out bj a simple 
screw pres s, with long levers and heavy weights attached to 
them. When brought once into the swing, the mere momentum 
suffices to drive the nunch through the plate, which is -^ in. thick. 
The base of rib is norizontal, 2 ft. long, while the top flange is 
2 ft. 5 in. above, carried vertically down. It is fixea by eight 
1 in. bolts, on each side of the web, to the supporting cast-iron 
column, the angle irons of the bottom flange being carried round 
horizontally for that purpose. Biveting is done throughout 
with J in. rivets, about 4 in. pitch. A board 8} in. wide by 1 in. 
is fixed to soffit of rib for mere appearance. The rib carries 
wrought-iron lattice purlins, at intervals of 6 ft. 9 in. On each 
side of such purlin a cast-iron strut is fixed to rib and purlin by 
six I in. bolts. By this connexion, the projecting of the pm'lins 
beyond the ribs is prevented. 

The purlins, which are 23 ft. 10 in. long and 1 ft. 6 in. deep, 
are radial, and are connected to the main ribs by means of the 
cast-iron end struts of | in. metal bv two | in. bolts. They con- 
sist of a simple truss, the top and bottom flange of which are 
each formed by two L irons 3 x 3 x f in. The top flange is also 
connected by two | in. bolts to top flange of main rib. Oast-iron 
struts, 3 ft. pitch, and flat bar diagon^ bracing 2^ in. wide, in- 
creasing from :j^ in. to I in., and ^ in. in thickness, connect the 
flanges of the truss by | in. bolts serving as pins for diagonals. 
Wooden diagonals are'also used for giving the appearance of a 
complete diagonal truss. The purlins support at each strut a 
wood rafter 6 in. + fin. Each alternate strut is so enlarged as 
^to form brackets connected to the wood rafters by f in. bolts, 
which are employed to keep the purlins in their radiating posi- 
tion. The other struts are Drought out at the top to mere lugs 
fixed to rafter by f in. coach screws. 

On the top of the main ribs a piece of wood 5 J in. X 3 in. is 
fixed for nailing the 1 in. boarding thereto. 

The 1 in. boarding is covered by Italian zinc near the crown, 
and at the lower part by slates. A portion of the roof is glazed. 

The ends of tne roof, it being tupped, are formed by ribs 
which are in general constructed like the ordinary ones, but 
stronger^ in cross section. 

One ordinary rib weighs 5^ tons, weight of purlins, standards, 
&c., for one bay, 9^ tons. 

The ironwork for one bay of roof weighs 14| tons. 

Each rib is supported by a cast-iron column, 23 ft. high from 
floor level to bottom of gutter, of an octagon section, and 1^ in. 
thickness of metal. The base is also octagon, 2 ft. 10 in. high, 
and at the bottom of 2 ft. inscribed diameter. At a height of 
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19 ft. 7 in. from floor level it widens out into an octagon capital 
of 2 ft. 9 in. inscribed diameter at the top. The base is plain. 
The top is a little ornamented by raised leaves. Above that the 
column widens out into a kind of flat box, 4 ft. 3 in. hi^h^ with 
a bracket in front supporting the horizontal plate to which the 
L irons of base of columns are bolted. The horizontal pl«te ex- 
tends over the middle of the continued column, leaving on each 
side of bracket oblong openings for receiving outlets of gutt^v ; 
the column changes above this horizontal plate into a v^tical 

Eiece of H section, 1 ft. x 10^ in. x 7f in. x 1^ in., 4 ft. x 4 in* 
igh. The vertical part of the base of rib is bolted, as already 
mentioned, to the inner flange, 10^ in. wide. The bracket in 
front, being merely a web. is hidden by a casing, appearing as 
an ornamental bracket, of the same thickness as tne flat dox 
forming part of column, which is in elevation shaped like the 
two brackets supporting the outlets of gutter on each side of 
column. The gutter joms the column by a semi-elliptical arch 
forming the ouSet. The c^ising is here required for the sake of 
appearance and for saving a core. To the back of upper part of 
column (supporting outlets and the upper flange of the H iron), 
a frame 11 ft;. 6 in. long is fixed by six 1 in. boUs. It consists of 
an arch of 5 ft. 1 in. radius of bottom outline, witli a pretty 
filling-in omamen^ and on the top a square frame 2 ft. 6 in. 
deep. All the main flanges are 8 m. wide, | in. thick, only the 
upper flange of frame 1 ft. wide x | in., the web being 4 in« 
thick. The other end of the frame is suitably provided with a 
vertical flange and a lu^ at the bottom, for restmg <m the wall, 
being besides bolted to it by four 1 in. bc^ts. 

This frame would apparently transmit the horizontal thrust to ^ 
the walls enclosing the hall, but that is not the case. The hori- 
zontal thrust is in this roof taken by a \ery peculiar arrange- 
ment. On the top of the frames just described, on each ^id 
strong boxes are cast on, each of which contains a pin dropped 
into it from above. These pins connect the ends of diagonal 
bracing rods, with eyes on one end and key adjustment at the 
oth^. Along the outer boxes a wrought-iron flange runs 
throughout the length of the building, decreasing towards the 
ends in strength, tne diagonals increasing towards the ends. 
This flange, consisting of four plates, lft.xl^in., and two 
L irons, 3 f t. x 3 ft. x ^ m. in centre, is connected by the pins to 
the diagonals. On the other hand, the gutter acts as the other 
flange of this horizontal ghrder, and is made sufficiently strong, 
being cast If in. thick. The single lengths of gutters are con- 
nected together by means of eight 2 in. bolts, being equal in sec- 
tional area to the strength of the gutter, of course piercing the 
web of l-shaped part ofcolumn. The gutter, being of cast iron, 
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and sometimes exposed to tensile strains, requires, therefore, the 
above-mentioned area. There are eight diagonals, one for eadi 
bay ; the dimensions of the rods increase ^rom the centre towards 
the ends. The diagonals having to sustain just the same as the 
flanges, contrary strains must be always of the same sections as 
them, because uiey can only act as tlie ties. At the hip of the 
roof only simple ties are required as diagonaJsL 

The roof offering in its longitudinal oirection a very great re* 
sistance, renders it unnecessary to provide for an extra horizontal 
thrust arising from wind pressure, &c. 

The gutter, being 1ft. X 5^ in. deep, 1 ft wide, and 23ft. x4 in. 
lon^. If in. thick, has in di^jmces of 3 ft. small shoes cast on, 
which receive the ends of the intermediate rafters 6 in. x 3 in. 
The rafters are placed across the 12 ft. comdxx at a prop^ 
slope, laid with 1 m. boarding, and covered, like the large roof^ 
with slates. The other ends of these raf tas rest in shoes on the 
wall surrounding the hall. The gutter is covered by a snow 
grating, which is 1 ft. x 8 in. wide, and cast in lengths of 6 f L 
it rests on small supports fixed by two f in. bolts to cross pieces 
cast on the gutter at everjr second pair of shoes, and servmg as 
distance pieces in the castmg, while it cools and prevents it from 
warping into awkward shapes. These distance pieces must 
always DC made with a top nange, otherwise the other parts of 
castings prove stronger in shrinking, and tear it in the middle. 
The rain water is carried sideways b^ the bracket-shaped outlets 
of gutters into the column, and earned off by same to the drain 
pipes. The cast and wrought ironwork of one bay of roof weighs 
14| tons. The cast and wrought ironwork of one bay of sup- 
porting structure weighs 17f tons. 

Sydenham Crystal Palace Roof. — (Plates 4 and 5.) 

There are two roofs of similar construction, but of different 
span. The principals are, in both roofs, arranged in pairs, being 
24 ft. apart m each pair, but the pairs leaving a clear space of 
72 ft. between them. The 120 ft. span roof is to be described 
first, the alterations of dimensions in the 72 ft. one are to be 
given afterwards, the details being alike in regard to general 
arrangement. 

The principal of this roof is very peculiar in its construction. 
It is an arch of such a depth, that it carries partly as a girder, 
throwing upon its' supporting structure a comparatively small 
horizontal tnrust. The outer and inner outline of the arch is a 
perfect semicircle, struck from the same centre ; the rib has 
therefore an equal depth of 8 ft. throughout, the inn^ radius 
being 52 ft., the outer one 60 ft. The rib consists of a bottom 
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and top flange, each consisting of two L irons 6 in. X 3^ in* 
and a i in. plate 10 in. wide, having an available sectional area 
of 9| sq. in. These flanges are throughout the length of rib of 
equal cross section, and are connected together by a double 
lattice-work, made of flat diagonal bars. Each side of the rib is 
divided into eleven equal parts, between its springing and its 
centre. Each of these parts contains two diagonius one above 
the other, and struts raoiating to the centre ; one of the struts 
being a cast-iron distance strut carrying purlins and connecting 
them to main rib ; the other is a wrought-uron strut made of two 
channel irons 4 in. x 1-} in. x ^ in., having two distance pieces 
riveted between them. The joints in 6 m. X 3 in. L irons are 
made alternately at intervals of about 14 ft., proper distance 
pieces filling out the 3f in. space between L irons, its | in. rivets 
act only with single shearing area. At intervals of about 
1 ft. 9 in., distance pieces are put between L irons, and fixed 
also by | in. rivets, the same as in wrought-iron struts. The 
dia^nal bars are throughout 4 in. wide, fin. thick, with an 
available sectional areaori*2 sq. in. running always through two 
diagonals, and are not straight. But they are, for the sake of 
architectural appearance, so arranged that they cross exactly in 
the middle of nb, and in one-fourth of its depth from its outer 
and inner outline. They are connected at intersections by a 
}in. rivet. A round ornamental knob, made in two halves, 
being connected together by three f in. tap screws, covers this 
joint. The ends of dia^nals and wrought-iron struts are con- 
nected with the L irons by a 1^ in. bolt 

The cast-iron distance struts are shaped according to the 
wrought-iron structure which they have to strengthen, and ac- 
cording to the cast-iron end pieces of purlins which are bolted to 
them by either six or four | in. bolts, as they belong to the 6 ft. 
or 3 ft. deep purlins. 

The strut has accordingly a cross section of 7 sq. in. sectional 
area, its | in. web is widened out to a pocket for letting the 
diagonals through, intersecting at this point. The web at top 
and bottom of strut is brought out to two lugs, which fit with a 
washer between the two angle irons, and are each bolted to same 
b^ one 1^ in. bolt. Proper bosses are cast on to the web for 
eight ^ in. bolts connecting purlins to same. Underneath these 
struts, ornamental pendants of i^in. metal are screwed on to 
soffit of rib by four ^ in. bolts. There are two kinds of purlins, 
one kind being 24 ft. long, 6 ft. deep, and the other 72 ft. long, 
and 3 ft. deep. The first serve for bracins two ribs of one pair 
together ; the others act as pure purlins between each pair of 
ribs, that is, they are only to support the intermediate rafters. 

The 6 ft. deep purlins consist of a top and bottom flange of 
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two L ironS; 3 in. x 2 in. x ^ in., of 2 sq. in. available sectional 
area ; they are connected by wrought-iron struts and double 
lattice-work. Besides carrying intermediate rafters, they serve 
as bracing of main ribs for giving them lateral stiffness. The 
struts are 8 ft. apart, and consist of two T irons, 2 in. x 2 in. x :^ in., 
with 1^ in. available sectional area, having between them in all 
cases two diagonals, one above the other, similar to the lattice- 
work in main rib. The diagonals are flat bars, 3 in. wide, -f^ in. 
thick ; they are straight, and run always through two divisions of 
8 ft. At their ends proper cast-iron distance struts are fastened 
to L irons bv one 1 J in. bolt, the web is again properly widened 
out to a pocket for receiving the ends of two diagonal bars, which 
are riveted to the casting by one | in. rivet. The 3 ft. deep 
purlins serve only for carrying the intermediate ribs ; they 
consist of a top flange of two L irons, 4 in. x 2 in. x ^ in. 2*44 
available sectional area in centre, and a bottom flange of two flat 
bars being at the end 4^ in. x f in., in centre 4^ in. x f in., with 
4*68 sq. in. available sectional area. These flanges are connected 
by vertical struts 8 ft. apart, and diagonal tie bars decreasing in 
the three diagonals next to end, from \^ in. thickness to ^ in. to 
-f!^ in. to ^ in. They are respectively fixed to top and bottom 
flanges by a 1:^ in., 1^ in., 1 in., and fin. bolt. All bars are 4 in. 
wide (the struts are of cast iron of a (X) cross section, 2 in. x 2 in. 
X f in.), diagonals of wood are put across the diagonal tie bars, 
4 in. wide, J in. thick, fastened bv f in. bolts. 

Both purlins carrv above each strut an intermediate rafter, 
having tne same outline as the main rib. It is made of a ^ in. 
web plate 1 ft. high, in length about 8 ft. 5 in., with a top and 
bottom flange consisting of two L irons 2 in. x 2 in. x ^ m., in 
length about 16 ft. 10 in., with 1^ sq. in. available sectional area* 
A special arrangement is made for bracing purlins sideways to 
these intermediate ribs. The purlins at the bottom end of their 
vertical struts are suspended by two rods to points of the inter- 
mediate ribs, being just in the middle of two bearings or purlins. 
For that purpose, a cast-iron shoe is fixed to the bottom L irons 
of rafter at triose points by four ^ in. bolts of a proper shape, to 
receive the ends of the hanging rods, f in. in diameter. The 
other ends are widened out to an eye, which is connected to the 
bottom flanges of the 6 ft. or 3 ft. purlins by the bolts, fixing end 
of vertical strut to the same. The details of this connexion are 
for both purlins the same, except the altered angle of the hang- 
ing rods. Next to each of the cast-iron end struts of purlins a 
kind of pocket is riveted by eight | in. rivets, consisting of two 
f in. plates, with two l:j^ in. thick distance pieces between them, 
for receiving the ends of wind ties. These are flattened out to 
eyes, and fixed by an 1 J in. bolt. The wind ties are, through- 
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out, round rods of 1} in. diameter, and form the diagonal bracing 
between main ribs. At the point where they cross each other 
they are connected by a ring, to which each end of the four ia 
screwed in the usual way. The ring is, in this case, of cast iron^ 
and has a sectional area of 9f sq. in., strengthened by proper 
bosses round the bolt holes, and, besides, by two wrought-iron 
rings of 1 in. sectional area, put on while red hot. This con- 
nexion serves for bringing strain on to these diagonal bracing 
rods. 

The covering of this roof is entirely of glass, on the "ridgo 
and furrow" principle. The main ana intermediate ribs carry 
wrbugh1>-iron gutters, 9 in. wide at the top, 7 in. at bottom, 4 in. 
deep. They are riveted to top L irons of ribs with ^in. bolts, 
about 9 in. apart alternately, and to intermediate main ribs with 
f in. bolts in the same way. To the edge of this gutter an L 
iron 1^ in. x 1^ in. x -^ in. is riveted, and to this a piece of wood 
l:j^ in. X 2i in. is fixed by f in. screws, about 6 in. apart. Into 
this piece of wood the ends of the sash bars are let in about 1 f t, 
apart, the top being fixed to the ridge. This miniature roof runs 
right along the whole rib, from the main gutter up to lower 
standards of ventilator, and is hipped at its ends. The main 
ribs, as well as intermediate ones, carry at their crown, over the 
cast>-iron distance strut next to centre, a louvre standard of cast 
iron 5 ft. lOi in. high of H cross section. The sides are filled in 
with wood, to which the louvre plates are fixed. 

The ventilator is covered, as the other parts of roof, by a 
number of similar small hipped roofs, formed by mere slanting 
safih bars, having in this case only wooden gutters, each sup- 
ported by the standard in centre of each rib. The outer standards 
of ventilator are held up by a diagonal bracing running from one 
to the other, and consisting of ^in. round rods, which pass 
through a slotted hole, spaced out in the middle one. A vrrought- 
iron gutter runs along tne base of the outer standards, suppoxted 
by wood boarding, for conducting the water, which drops down 
from the ventilator covering to the gutters on top ribs. Tne main 
rib weighs 10 tons. The purlins, which are 6 ft. deep, weigh 
' each 12 cwt. ; those 3 ft. deep weigh each 1 ton 4 cwt. The total 
ironwork in one bay of 86 ft. weighs 61 tons 3 cwt. Each of the 
main ribs is supported by two columns, 8 ft. apart, so that each 
of the flanges starts over one of the columns. This is effected 
by means of a cast-iron square frame, 8 ft. 8 in. wide and 8 ft. 
high, bolted to top of each column by four 1 in. bolts, and also 
by four 1 in. bolts to top of girder, connecting top of columns. It 
consists of two pieces of the same section as the columns, con- 
nect€|d by a J in. web with a large circular hole taken out in the 
middle, and smaller ones in the comers. Proper flanges are cast 
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on the top comers of it, to which each of the flanges is bolted by 
six IJ in, bolts, by means of a strong bracket. The cross sections 
of this frame, through the weakest part of the columns, has 25| in. 
sectional area, the octagon columns being 8 in. in diameter ^nd 
1 in. thick, the web and its flanges f in. thick. The parts of 
frame acting as bracing to the angles have 9 in. sectional area. 
Appropriate pockets for receiving the ends of the diagonals are 
constructed in the upper end of web, the outline of which is 
shaped like that of the cast-iron distance struts. The two 
diagonals in the middle are fixed to it by one 1^ in. bolt, and the 
diagonals at the springing of flanges by one 1 in. bolt each. On 
top of the outer column of frame, lugs are provided for fixing 
brackets of 6^ in. inner width under the water outlets of nmin 
gutter by four 2 in. bolts, with 1 ft. 2 in. x 5 in. waterway. The 
main gutter running along the whole roof is, on the average, 
1 ft. 9 m. wide and 11 in, high. It is cast in lengths of 7 ft. 11^ in., 
-^ in, thick, the joints being made by eleven f in. bolts. The 
intermediate ribs are supported by cast-iron standards 8 ft. hi^h, 
resting on one of the cast-iron mrders 3 ft. deep and 23 ft. 3^m. 
long, which serve in the whole building as bracing and floor, and 
also cany girders between columns 24 ft. apart. Such girders 
also brace me columns lengthways under the flanges of mam rib. 
The before-mentioned standards have the section of half a column 
of 9 in. diameter, are of f in, metal, and widened out at the top 
to a bracket, on which the base of intermediate rib is bolted by 
six i in. bolts. The lowest of the purlins connected to the top 
of the frame for supporting maini rib is also connected by four 
^ in. bolts to this bracket, and proper lugs are cast on the top of 
standard for fixing a bracket, by four fin. bolts supporting 
main gutter at each 8 ft. The horizontal thrust of the main ribs 
is transmitted by the cast-iron frame to the system of columns, 
which are connected by cast-iron girders as described before, 
and well braced by diagonals fixed to ends of girders by means 
of keys. 

At the intersection of vertical diagonals, a similar adjusting 
connexion with a ring and screws, as that for wind ties, is ap- 

5 lied, the whole being hidden by an ornamental joint cover, 
'he entire supporting structure up to the frame is very rigid, 
and besides being heavily loaded by bearing girders below 
floor level, and on one side a fireproof flooring of brick arches, 
and also on the other side cast-u*on girders fastened to brick 
foundations, can take easily the thrust arising more from wind 
pressure than from the weight of the roof, this being taken 
partly by the rib itself, which is of a very great depth. The rain 
water is carried off in the usual way by the hollow columns. 
The smaller roof is very similar to the larger one, as already 
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stated ; the dimensions only of the details being altered* The 

Erincipals are arranged in pairs^ being 24 ft. apart, each pair 
aving a clear space of 72 ft. between. The rib of principal has 
an equal depth throughout of 8 ft., its outer and inner semi- 
circular outline being struck from the same centre respectively, 
with a radius of 36 ft. and 28 ft. The top and bottom flanges 
are connected by flat bar diagonals and wrought and cast iron 
struts. The flanges consist of two L irons, 4 in. x 4 in. x ^ in., 
having an available sectional area of 6*36 in. The diagonals are 
throughout flat bars, 4 in. wide by -^ in., having an available 
sectional area of 1 in. The vertical wrought-iron struts are of 
channel irons, 4 in. x 1^ in. x :^ in., with an available sectional 
area of 1*37 in. The ends of these struts and diagonals are con- 
nected by one 1 in. bolts to the flanges. The L irons are iointed 
in lengths of about 25 ft. alternately. The arrangement of lattice- 
work IS the same as in the large roof. Pendants are fixed underneath 
them to soffit of rib in the same way. There are also two kinds 
of purlins — 6 ft. deep, nearly 24 ft. long, and 3 ft. deep, nearly 
72 ft. long. The construction and dimensions of them are like 
those in the large roof ; the intermediate ribs are also the same 
ajs those in the large roof. So is the arrangement of gutters 
fixed on top of it, and also the covering. The arrangement of 
bracing and wind ties is also similar to that of the large roof. 
The ventilator is also the same. The main rib weighs 4^ tons. 
One purlin, 6 ft. deep, weighs 12 cwt. One purlin, 3 ft. deep, 
weighs 1 ton 4 cwt. 

'file ironwork of roof only, in one bay of 96 ft., that is from 
centre of one pair of main ribs to the centre of another pair of 
them, weighs 35 tons. 

The main rib is supported by a structure similar to that of the 
large roof, that is, by a frame formed by two shorter pieces of 
columns which are connected by a web. To the outer one is 
fixed the main gutter, of the same dimensions as on large roof. 
The intermediate ribs are also supported like those of large roof, 
all the details of connexions being the same. 

The 72 ft. trussed purlins used in these roofs are the same that 
were used for carrying the roof over the nave of the Great 
Exhibition of 1851, also a large portion of the columns and 
prders made use of in the Sydenham Crystal Palace originally 
formed part of the same building. 

Amstebdam Cbystal PAiiACE RooF.— (Plates 6 and 7.) 

The area covered by this roof is 130 ft. 8| in. long and 
64 ft. l:J^in. wide, on each side of an oval dome — the entire 
length of the nave being 329 ft. 1 in. The roof is supported on 
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each side of this dome by seven pairs of ribs, 2 ft. lAin. apart, 
leaving a clear space between them of 19 ft. 8^ in. The ribs of 
the principals are true arches. The intrados and extrados are 
concentric curves, being struck from the same centre with a 
radius of 31 ft. 6 in. ana 33 ft. 1^ in. They were so constructed, 
that, in being fixed, they were made to spring 2f in. outwards, 
making the (ustance from centre of buildmg to face of column 
31 ft. 7iV in* They each consist of a top and bottom flange of 
one T iron, 4| in. x If in. x -^^ in. x f in., and a plate 4| in. wide, 
i^in. thick, riveted to it by -^ rivets of about 4 in. pitch. These 
two flanges are connected by two web plates. No. 9 B.W.G., 
1 ft. 6 in. wide, one on each side of the T irons, riveted to them 
also with ^ in. rivets. The entire available sectional area of 
this rib is 10*56 sq. in. The web plates are joined alternately 
in lengths of about 23 ft. 4 in. by a | joint plate placed between 
the two web plates. It is 4 in. wide, and, for the sake of 
architectural appearance, riveted to them with iV hi. flush 
rivets. 

The rib is divided on its outer side, between a point 10 ft. 2 in. 
above the springing line and its centre, into seven equal parts. 
The purlins are carried by it in these intervals. They consist of 
simple M irons 6 in. x 3 m. x f in., with an available sectional 
area of 1*08 sq. in. in the top and bottom flanges. They are 
joined in lengths of 21 ft. 9i^ in. between each pair of main 
ribs by two jomt plates 20J in. long, 5 J in. wide, f m. thick, and 
twelve I in. rivets. These purlins carry the wrought-iron sky- 
light bars, one length of the former divided into twenty spaces 
gives the distance of each skylight bar about 13 in. pitcn. The 
skylight bars are fixed to the purlins by L iron brackets 1^ in. 
X 1^ in. X \ in., 3 in. long. The purlins are fixed to the main and 
intermediate ribs by two L iron brackets 3 in. x 3 in. x f in., 
4 in. long, by four ^ in. bolts, with two f in. washers and by 
two f in. rivets. Between each pair of main ribs are two inter- 
mediate ones. They have the same extrados as main ribs, but 
are only 10 in. deep. They consist of a top and bottom flange 
of one T iron 3^ in. x 1| in. x A x f in., connected by two web 
plates, like those in main ribs. No. 9, B.W.G., riveted to them 
with -^ in. rivets of about 4 in. pitch. The web plates are con- 
nected in lengths of about 23 ft. 5 in. by one joint plate placed 
between them, f in. thick, 4 in. wide, and six ^ in. countersunk 
rivets. The entire available sectional area of this rib is 7*11 sq. 
in. Each of the ribs is supported by a column, so that the 
upper half of it is widened out to a sort of bracket, at a height 
of 11 ft. 7i in. above its springing line. This bracket is strength- 
ened by f in. plates placed between the two web plates, and two 
1. irons 4 in. X 4 in. X fin. riveted to each side of webs, and to a 
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base plate | in. thick^ which is bolted to the top of column with 
five 1 in. bolts. 

• The intermediate ribs are supported at their ends by a timber 
beam. The inner T irons are bent round the flange of the 
upper one, and both are riveted to a f in. base plate with eight 
•j2ym. rivets, which plate is screwed to the timber with three 
fin. coach screws. Each of the main and intermediate ribs 
carry in their centre a triangular frame of cast iron, with orna- 
mental filling in, bolted to them by ^in. bolts, 2 ft. pitch. It is 
in centre 1 ft< 7 in. high, and extends on each side about 5 ft. 
over the ribs, and supports in the middle the cast-iron ventilator. 
The ventilator is formed by two ridge purlins of a proper cross 
section, covered by a small ridge roof. It consists of a simple 
plate of a very flat angle, with proper water-tight joints, and a 
pocket for fixing ridge ornament along the rooiT 

The weights of this structure ai-e as follows : Main rib, 1 ton 
lO^cwt. ; intermediate rib, IScwt. ; purlins for one bay, 1 ton 
17 cwt. ; skylight bars for one bay, 1 ton 18 cwt. 2 qrs. 11 lb. 
Total weight of wrought and cast iron in one bay of roof, 
9 tons 16 cwt. The appeai'ance of all the columns from inside 
the building is similar. The first tier columns support the gal- 
lery girders, and form an ornamental framework with brackets 
at the joint with the column. The columns rest on a stone foun- 
dation. 

Although this structure forms a sort of stiff frame for resist- 
ing the horizontal thrust of the principals, still a strong wood 
structure is formed by the roof of the gallery acting along the 
whole nave as a liorizontal girder of great resistance against side 
pressure. 

Proposed Roof of the St. Pancras Station, Midland 
Railway. — (Plate 8.) 

^ Although the particulars of this roof have been already pub- 
lished in Engineering^ it was still thought advisable to repeat 
them here for the sake of comparison. The area covered by 
this roof is 690 ft. by 240 ft. The main ribs are 29 ft. 4 in. from 
centre to centre, and have three intermediate ribs between them 
at ecjual distances apart, carried at every 18 ft. 6 in. by trussed 
purlms between the main ribs. The form of the ribs is entirely 
novel. They spring directly from the ground, and are firmly con- 
nected to massive brick piers below the floor level. The curve 
of the ribs is of two radii of 160 ft. and 57 ft., meeting at an 
angle in the centre 100 ft. above tlie level of rails. The ribs are 
6 ft. deejp, and formed with open box flanges 10^ in. deep ; the 
flanges being braced together by diagonal channel irons an4 
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radial strata forming the ends of the purlins. The lower parts 
of the ribs, to a height of about 25 ft. from platform level, are 
constructed of plates and angle irons riveted together. The in- 
termediate ribs are 10^ in. deep, and will be made most probably 
of angle irons braced with diagonal bars. The purlins are braced 
beams 18ft. Gin. apart. They are so constructed that they 
stiffen the main ribs laterally. The bracing is so arranged as to 
carry the proper proportion of each of the three intermediate 
ribs, besides assistmg to keep the bottom flanges of the main ribs 
in place. The whole of the roof is braced horizontally to resist 
any strains that may be caused by the pressure of the wind 
either on the gable or on the side. 

Ventilation will be amply provided for by open spaces in the 
skylights, along the whole length of the ridges, and also along 
the eaves where the glass overhangs the gutters. The lower 
sides of the roof are to be covered with glass ridge and furrow 
skylight, at right angles to the ridge, 152 ft. wide, extending 
nearly the entire length of the roof. There will be a gangway 
at the foot of each skylight along the whole length of roof, aUd 
each gutter of skylight will have a snow grating along its whole 
length, with cross stripes to enable the workmen to repair and 
paint any portion of the skylight. I'he horizontal thrust is partly 
taken by the heavy brick piers, which act as abutments, and 
partly by a wrought-iron tie running below the level of rails 
across the platform, forming one ot the wrought-iron girders 
which support the latter. 

Referring to the various roofs described, we find that in the 
Dublin Crystal Palace roof, with a clear span of 49 ft., one 
square of area covered with glass reouires 9 J cwt. of wrought 
and cast iron. The smaller roof of tne Crystal Palace, with a 
clear span of 56 ft., a square of covered area with glass, requires 
13 cwt. of wrought and cast iron. The Derby Market Hall roof, 
of 81ft. 5 in. clear span, one square covered over partly with 
slates and partly with glass requu'es 15 cwt. of wrougnt and cast 
iron. In tne large roof of the Crystal Palace, which has a span 
of 104 ft., a square covered with glass requires 12i cwt. of 
wrought and cast iron. In the Amsterdam Crystal Palace roof, 
which has a clear span of 63 ft. 2f in., an area of one square 
covered with glass requires 15 cwt. of wrought and cast iron ; 
and, lastly, in the Midland roof, of 240 ft. span, one square of 
area, covered partly with glass and partly with slate, requires 
17 cwt. of wrought and cast iron. 

In each of the buildings covered by these roofs we find a dif- 
ferent principle employed in the construction of ribs and in the 
arrangements for taking the horizontal thrust. 

In some cases^ where the abutments cannot be made to resist 
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the whole of the horizontal thrust produced by the ribs, the 
latter have to be constructed to a somewhat smaller span (in the 
Amsterdam Ciystal Palace roof 2f in., as mentionea above), in 
order to brin^ into the bottom flange of the same that portion of 
the horizontal thrust which the abutments are not able to take. 

The stability of an arched roof is, like that of any similar 
structure, increased with its size, because in a roof or bndge of a 
large span the moving load is less in proportion to the fixed load 
than in such of a smaller span. 

Drawing the curves of equilibrium for the equally distributed 
and the unequally distributed load, it is obvious that in large 
roofs the curves (uffer comparatively little. 

The greatest stability and rigidity of the various roofs which 
have been discussed, must, therefore, be expected in the St. 
Pancras Station roof, on account of its superior heaviness. 

In arched roofs no apparent provisions can be made for ex- 
pansion by temperature, as the abutments are not allowed to give 
way; the influence of temperature will, therefore, only cause 
the crown to rise or to fall accordingly. 



DISCUSSION. 

The Pbesident said that the Society must be congratulated 
on having such a paper as this laid before them. It was very 
useful to have such a collection of important works described in 
such great detail, while it was a satisfaction to know that they 
had proceeded from the office of Mr. Ordish, a past President, 
and Mr. Lefeuyre, the Vice-President. Mr. Wessel/s paper 
might not be quite so readable as some of the papers submitted, 
but he (the President) would venture to say that, when it was 
printed, it would be more referred to and more carefully studied 
than almost any paper they had had for the last two or three 
years. There was nardly time left to enter upon a discussion 
this evening. The next meeting ought to be devoted to that pur^ 
pose. 

Mr. Ellis inquired how the Midland roof was to be venti- 
lated. ^ It had struck him that there would be considerable diffi- 
culty in overcoming the extra tension and compression on the 
upper and lower sides on account of the girder being continuous. 
He wished to know whether there womd be an equal section 
throughout, or whether it would be worth while to save metal by 
not inaking the sections equal throughout. 

Mr. Ordish said he would state the arrangement at present 
proposed for the ventilation of the Midland roof, but that ar- 
rangement was subject to alteration. There was an intermediate 
rib, and the gutter would be on the main rib. There were woo4 
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bars, then an openings and over that was a ventilator. This 
was veiy much like the arrangement of the Dublin roof. There 
was about an inch between the dass and the edge of the gutter, 
and that allowed ventilation. There was also a space of six 
inches the whole length of each ridge. By giving a large area, 
the ventilation was spread all over the roof. 

Mr. ScHoNHETDEB said that it was stated in the paper that 
the holes in the web plate of the main rafter of the Derby 
Market Hall were made by a screw press worked by a lever. 
That might be an arrangement adopted for the purpose of 
getting very great force, but he had seen very large holes 
punched in a much simpler manner by the common punching 
machine — ^namely, holes seven inches in diameter punchea 
through a half-inch plate. That seemed to be a' much quicker 
way of making the holes than that mentioned in the paper. 

Mr. Wesselt said, as regarded the punching of the holes in 
the roof of the Derby Market Hall, he had only stated the way 
in which it was really done to show that, under certain circum- 
stances, it was worth while to adopt whatever plan was most 
readily available. The punching might have oeen done in 
several other ways. He nad lately heard that such holes had 
been punched by a steam hammer with great success. The 
steam nammer, by giving a sudden and rapid blow, cut the hole 
much sharper through the plate than a punch slowly passing 
down. The punch was always liable to bend the edges of the 
hole a little. The steam hammer was applied in a very simple 
way. A punch and die of the required shape were provided, 
the punch being in connexion with a strong spring ; a stop was 
fixed to the apparatus to regulate the distance of the hole from 
the edge of the plate. When the plate was held in the right 
position, the steam hammer was caused to fall on the punch, 
giving it a rapid blow, which drove it through the plate, and on 
the raising ot the hammer the spring carried the punch upwards 
and brou^t it out of the plate. 
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Mareh 19th, 1866* 

ZERAH OOLBURN, Pbesibbnt, in the Chaib. 

ON ARCHED ROOFS. 
By Cabl von Wessely. 

adjoubned discussion. 

Mr. Cabgill said he thought it was a pity the author had 
not gone a little more into the theory of the strains. It was a 
subject with which he was quite capable of dealing, and he 
might have shown how practical formulae and deductions were 
amved at. There were one or two formulae in common use 
for calculating the horizontal strains and the resulting pres- 
sure on any portion of an arched rib. There had been an erro- 
neous impression, amounting almost to a prejudice, in the minds 
of practical men, that the introduction of the higher mathematics 
was not conducive to the obtaining of practical formulae for 
ordinary application. He could not make very much of the 
formulae given in the paper as published in the Engineer ^ but he 
thought they might be given in a somewhat simpler manner. 
[Mr. Cargill then drew a diagram on the black board, explaining 
as follows :] 

Suppose we take that to represent a semicircular arch, and it 
is required to ascertain -the horizontal thrust at any particular 
point. We will take the crown as our orimi, and draw our co- 
ordinates X and y to the point, x being the norizontal, and y the 
vertical. Now, if we represent the norizontal thrust by A, and 
the load between the centre and the point by Wy we shall have 
the following equation : 

o y 

This is the general equation for the horizontal strain at any point 
in the arch. In other words, the horizontal thrust is equal to the 
moment of the load divided by the rise of the curve of equili- 
brium. The two formulae in common use among engineers for the 
horizontal strains on an arch are as follows : We generally assume 
the load to be distributed, as the case of a load at the centre is, in 
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practice^ of very little use ; but, however, supposing the load to be 
at the centre, and that d represents the rise of the arch, which is 
generally taken to the soffit. Of course that is erroneous ; but 
the amount of error is inconsiderable. It ought to be taken to 
where the line of equilibrium cuts the] arch. Putting s for the 

span of the arch, and w for the load at crown, we have H= -— • 

Now we can deduce this from the one given above very easily. 

In this expression, - multiplied by the leverage is equal to the 

moment of the load. The leverage is, of course, half the span, 

and equal to ^ ; and taking y, which represents the rise, and is 

eaual to rf, we obtain the above fequation. Thus, from that 
which appears a somewhat abstruse formula, we can deduce a 
practical one. 

The other formula, which is the more useful one, is where the 
load is supposed to be uniformly distributed, and using the same 

notation, we have H=^. 

The author also mentioned that the horizontal strain is equal 
to that of a beam or girder of the same span and distributed 
load. This follows from the well-known principle of mechanics, 
that, with a load at the centre, and with the same load uni- 
f onnly distributed over the beam, the latter strain is exactly 
one-half of the former. If the weight is distributed over 
the beam, we may get the central strain in this way. Let 
w be the weight per foot run, a the span, and x any distance 

from the nearest abutment. Then ^^wj xdx. 

Integrating, we obtain H= -5- . 

Now take a between the limits of nothing and-^ . Were x equal 
to nothing, of course there would be no strain. When x is equal to 
-^, as it is for the central strain, the equation becomes H= -^, but 

w s=^Wy and dividing by dy we have finally H=^ , Which is ex- 
actly half the strain found for a load at the centre. 

It was remarked in the paper that, in order to obtain the 
strains upon the arch, we had to assume that the line of equi- 
Jibrium passed tlurough the centre of gravity of the different 



Digitized by LjOOQ IC 



60 X)K ABCHED BOOFS. 

cross sections of the rib. That this is so was only correct on 
the assumption of an indefinitely thin or ^^linear^' arch, and that 
it was altogether in a state of compression. In that case the 
line of pressure would pass through the neutral exis, and the 
thing would be done. One circumstance which prevented such 
a ready solution was, that when an iron arch, and, h fortiorL 
a brick or stone one, was loaded, the line of equilibrium dropj^ed 
down, and assumed a different position ; ana thus, in addition 
to the compression, there was a bending strain which brought 
a transverse strain upon the arch. There was another strain 
which had to be determined, viz. the resultant pressure at any 
point, which was a strain compounded of two others. The 
resultant pressure always acted at a tangent to the line of 
equilibrium, no matter where that line might be, and could 
be obtained as follows: Li the dia^am let AB be a por- 
tion of the arch, and suppose the strain to be reauired at any 
point X. If we let P represent the strain, w tne weight or 
load between the crown of the arch and point ^, and $ the angle 
the line of pressure makes with the vertical, then we have P= 
wa sect. 6y or if H= horizontal thrust. P=H co-sect. $. 

It was well known in practice tnat sections could not be 
dropped too rapidly. They could not be altered »fr saUum^ but 
must blend one into another, and there must not be jumps in the 
different sections. At the crown of the arch, as coidd be easily 
seen, the tangent to the line of equilibrium was a horizontal lin^ 
consequently, the resulting pressure was equal to the horizontal 
thrust. It was a great pity there was not more information on 
this subject. With the rise and progress of railways, the hori- 
zontal girder reallv took the place of the arched girder; and 
while there were plenty of books treating on horizontal girders, 
there were none treating particularly on arched roofs, either of 
cast or wrought iron, from the very tact that they were not much 
used. The arch was replaced in iron by a different form. Pass- 
ing to the practical part of the paper, he did not quite agree 
with the author that the arched form was more in accordance 
with the ideas of architectural beauty than any other form. 
In some of the finest examples of open roofs of the middle 
ages, the struts and 'ties were shown. It was not considered 
necessary to have a soffit or regular plane ; and certainly the 
semicircular arch, as shown on the orawings, struck one as 
having a tunnel appearance. In the case of a roof, shown on 
one of the drawings as rising to a small point, the vaulted ap- 
pearance was taken away simplv by the inclination of the arch 
to a point. The other one would give more the idea of a tunnel 
than a roof, which always seemed to require walls as its natural 
support to spring from. The springing of a roof in a manner 
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analogous to that of a bridge did not exactly coincide with his 
own mea of beauty. With respect to economy, a semicircular 
arch was certainly the most expensive kind of roof that could be 
adopted, because it reqinred a greater amount of covering than 
any other. Another reason why the semicircular arcn was 
not economical for a roof was that it necessitated very ex- 
pensive side walls. There was a point which had struck him 
with regard to the Dublin Crystal jPalace roof. There was, of 
course, a thrust exerted, and to resist that the author ran a cast- 
iron gurder underneath. He did not see why such an expensive 
thing as a girder should be put when a mass of concrete, or 
granite, or limestone would have done equally well. The object 
was to keep the column from kicking in, and it brought rather 
a dangerous strain upon such a treacherous material as cast 
iron. The moment of the thrust was at one point, and the 
moment of the reaction was in another direction. It would 
catch the column right in the middle. That was, so to speak, 
tempting cast iron rather too much. There was another point 
in tne details of the plans which had attracted his notice. It 
was that very small sections of iron were used to construct 
the larger sections. Of course, engineers wished to obtain 
the maximum of strength with the minimum of materials; 
but there was a consideration equally important — ^namely, to 
obtain a minimum of workmanship. He thought, as a rule, 
that it would be better to employ a little more material and a 
little less workmanship, because the workmanship of iron is one 
of the most expensive items in skilled labour. To obtain a 
section of 1^ sq. in. in one example there were four angle irons 
and a plate. It was a waste of labour to construct the above 
compound section with a top nlate, a couple of angle irons, and a 
middle plate. A girder coula not be made so strong that way 
as with the same section rolled out ; and, secondlv, it was a great 
deal more expensive. The section rolled solid could be sup- 
plied at about 9/. or 10/. a ton, but if constructed as shown m 
the drawing it would cost thirty or forty per cent. more. He 
agreed with the author that more information was required re- 
specting the method of arriving at the strain of arched ribs. He 
Old not know any English treatise which entered fully into the 
subject, but he had seen some papers relating to the subject in 
the Annales des Fonts et Chaussees, 

Mr. Am Ends said he hoped the formulae of Mr. Oargill 
would be saved for the Societv, because the method seemed to 
be new in some of its details, but he thought they did not differ 
materially from those mentioned in the paper. For instance : 

wfx was in effect the same as ^*^ px. It seemad to be 
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understood that the curve of equilibrium would always pass 
through the neutral axis, or through the centre of every section. 
He believed that was not stated in the paper. This only gave 
the advice to lay the curve as near as possible to the neutral 
fibre, but it was also stated that the curve could only in a very 
particular case be within the neutral fibre entirely. 

Mr. Lefeuybe said he thought the paper should be regarded 
as treating generally upon the subject of arched roofs, and in 
discussing it we ought to look at the principal advantages which 
arched roofs had over trussed roofs. No doubt that for certain 
buildings there were many advantages in having arched instead 
of trussed roofs. For instance, in the cases of the Sydenham 
Ciystal Palace, the Liternational Exhibition, and the Great 
Northern Railway roofs, trussed roofs would have very much 
offended the eye. The architectural appearance of arched roofs 
were far preferable in roofs of a large span. The Gharing-crosa 
and Cannon-street Railway station roofs were dependent on the 
walls for support, and he must say that those walls were very 
hideous and very objectionable. The Midland roof, now in 
course of erection at King's-cross, the whole was earned to the 
ground, and the roof was not, in that case, dependent on the 
walls. The walls were only used as a blind to conceal the roof 
springing from the ground. The roof, being taken to the ground, 
was tied underneath the platform, for the purpose of counter- 
acting the outward thrust which was common to arched roofs. 
The roof was virtually a circle, and the strains on every portion, 
including the tie-rods under ^ound, could be calculated. There 
•was no doubt that the adoption of arched roofs was somewhat 
novel. Previously to the 1851 Exhibition there were very few 
arched roofs constracted. He believed that there was one at a 
riding-school at Moscow, having a span of 235 feet. Two or 
three of the latest arched roofs ever constructed were made of 
timber. The weat Western roof was not, strictly speaking, an 
arched roof, but ah ellipse ; he considered the arch was prefer- 
able in construction, borne of the roofs shown on the diagrams 
were so constructed that they had side aisles to counteract the 
outward thrust. The principal objection to arched roofs was the 
tendency to the outward thrust, which distorted them, and unless 
they had side aisles, or some means to counteract the outward 
thrust, they were liable to give way. In the case of the Dublin 
Crystal Palace roof, which was one of the most modern, the arch 
was made to bear directly on the roofs of the side aisles. There 
could not be a case more correct in theoiy than that one. In 
the original plan of the 1862 Exhibition roof no provision was 
made for the outward thrust, and as soon as the roof was loaded 
it assumed the form of an ellipse, and the whole building was in 
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great danger of coming down. The system of trussing the side 
roofs was then applied, and in that instance the strain was taken 
down through the side aisles, and back to the columns, and 
down to the ground, and the whole roof was then tied undei^ 
neath, and the building was then made secure. One of the 
great points which engineers should consider in lar^e arched 
roofs was the force of the wind. This was not sufficiently at- 
tended to at present. Mr. Scott Russell calculated the wind 
force at 10 lb. a foot, and Professor Airey had calculated it at 
40 lb. The wind exerted its force in aU directions, and con- 
sequently the roof must be strong enough in all parts to resist 
the maximum wind pressure. The first speaker said he should 
prefer rolled girders in the case of the Amsterdam Crystal Palace 
roof. He (Mr. Lefeuvre) doubted whether the rolled girders, 
which were now being advocated, possessed any advantage over 
the built girders. There was a great loss of metal in the rolled 
girders. The only aidvantage was the saving of labour in build- 
mg a girder together. The Amsterdam Crystal Palace girders 
were two feet deep, and they were constructed in the manner 
shown in the drawing, for the sake of architectural appearance. 
Instead of having a single web, there were two webs and a T iron, 
and a top and bottom naiige, so that the angle iron was not seen 
outside tne centre web. That might not be the best way of con- 
structing a girder, but it looked much neater than the ordinary 
built girder. In roofs of large span it was a great advantage to 
have more weight than seems actually requirea. Weight tended 
to counteract the force of the wind and the outward thrust. He 
believed that in consequence of that it would be some time 
before steel was applied to roofs. Another objection to steel was 
that its quality was uncertain. With Bessemer steel, for in- 
stance, engineers could never arrive at two results alike. No 
doubt, in the course of a few years, we should have roofs of 
immense span. There was an especial advantage in having 
large arched roofs at terminal stations, because it was never 
known what the future traffic requirements would be as regarded 
platforms, and it was therefore desirable to avoid the use of 
columns, which would tend to interfere with alterations in the 
disposal of the area of the station. 

Mr. Olrick said, a gentleman had stated that rolled girders 
would be cheaper than built-up girders ; that depended, how- 
ever, on the size required. When they were very large, it was 
cheaper to build them up in the ordinary way than to roll them ; 
and vice versa, 

Mr. Phipps said, he saw upon the diagrams certain curves, 
which, no doubt, represented the curves of equilibrium suitable 
to given loads, some having to resist the wmd as well as the 
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statical loading ; but there was one point which the diagrams did 
not appear to fliustrate. Having to build an arch of any given 
magnitude, how are we to fix the position of that particular 
curve of equilibrium which is the one appropriate to the weights 
and forces applied ? If that could be done, as he believed it 
could, it remained only to know the proportions in which it 
divided the depth of the arched rib at any point. If it crossed 
the axial line of the arched rib, there was at that point a fair 
strain upon the whole section ; but whenever it travelled away 
from the true neutral axis, the strain no longer remained equal 
over the whole area of section, insomuch that, if the arch were 
of a plain rectangular section, and the centre of pressure were 
removed only one-sixth part from the neutral axis, the pressure 
would be doubled upon one of the outer ed^res of the arch, and the 
other would be relieved from pressure altogether. Therefore, 
until some method was shown for fixing upon the true position 
of the curve of equilibrium in any given arch, he believed the 
main elements of tne strength could not be calculated. 

Mr. Houghton said he could not for his own part see the 
advantage of an arched roof of this immense size. An avenue 
down a space of the size of the Midland Station, dividing it into 
smaller spans, would considerably reduce the price, ife could 
not understand why roofs should be made so nigh, except as a 
hobby of the engineer. He believed great economy would 
result from putting trussed girders across and erecting ware- 
houses on same above the station. That would also be an advan- 
tage in resisting the pressure of the wind, which is an important 
consideration. The plan of tying the arch underneath was pro- 
bably very ingenious, but it would not prevent an arch of this 
size from spreading at the feet. These large roofs were anything 
but beautiful, and were a disfigurement to the metropolis. The 
ventilation of the roofs shown m the dia^ams seemea to be well 
provided for, but he had found that the plan of fixed louvres was 
objectionable, because, in wet weather, a great deal of rain was 
let in when the wind was high; in fact, some of the large 
stations are unbearable on this account. 

Mr. Cargill said that the greatest wind pressure ever observed 
on the Menai Bridge was 40 Id. The greatest ever observed in 
this country was determined bv Dr. mchols, and was given by 
Bankine at 65 lb. ; 28 lb. or 30 lb. was what was generally allowed 
for. He wished to know what depth of snow Mr. Lefeuvre 
allowed for ; and also what strain Mr. Lefeuvre thought correct 
for the wrought iron. The roof was not subject to a moving 
load, but to a stationary one, and there was no doubt that a 
greater static strain per square inch than moving strain might 
be put upon wrought iron. He could not quite understand what 
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Was meant in the paper by the statement of the wooden struts 
being used for some of the intermediate girders or horizontal 
purhns. 

Mr. Lefeuyb^ in r^ly to ^fr. Carmll, said that the snow 
pressure yaried in different districts, and that should be borne 
m mind in giving the necessary strength to a roof. In England, 
from 5 lb. to 6 lb. might be reckoned for snow. The wind was 
allowed for at about 30 lb. per superficial foot. As regarded 
the strain upon the iron, about 7 tons was generally taken ; in 
the case of bridges the Board of Trade afiowed only 5 tons. 
Where the iron was of a good quality, and every portion cotdd 
be tested, a high strain might be put on a roof. 

Mr. BiLEY said there was a good reason why the inspectors 
of the Board of Trade limited the tensile strain upon wrought- 
iron railway girders to 5 tons per square inch ; and there was a 
very good reason why that might be very much exceeded in 
roofs. For a statical load any structure of wrought iron might 
be safely strained up to the limits of elasticity, or nearly so. 
The linut of elasticity of common wrought iron varied from 8^ 
to 11 tons per square inch. With a perfectly steady load a 
tensile strain of 9 tons to the square inch would be safe ; but 
when there was a moving load, the strain must be reduced. The 
experiments of Mr. Fairbain, as given in a paper read at the 
Boyal Society, showed that a moving load of 7 tons broke down 
the structure. It was shown by Professor Baukine, in his work 
on mechanics, that the strain of a load passing over a bridge, at 
what was called by the mathematicians an mfinite speech was 
double the strain of a stationary load. Sixty or seventy miles an 
hour was a sufficient speed to greatly increase the effect of a load 
upon the fibre of the iron. 1& was of opinion that, except for 
the very smallest sections, a built-up girder was cheaper than a 
roDed ^der. For anytlung as much as 12 in. deep and 2 or 
3 in. wide, a built girder would be cheapest. Gare should be 
taken to make a giraer as strong in every part as in the centre. 
The rivetingof girders did not seem to have received sufficient 
attention. The pitch of the rivets might be varied along the 
course of the girder. Li a length of 30 ft. the rivets mightnave 
a pitch of 2 in. near the pier, and 6 or 8 in. pitch towards the 
centre, except as far as tne keeping of the plates together was 
concerned. It was not the practice of the Board oT Trade to 
put the strain at 5 tons. They took into account the shape of 
the compressed member, and the stiffness. If that was sufficient, 
they allowed it to pass. The limit of elasticity was the same 
both for compression and tension. 

Mr. Lefeuvbe, in reply to the Question concerning the test- 
ing of welds, said that he avoided welds as much as possible, but, 
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when they were employed^ he always asstimed them to be as good 
as any other portion of the kon. Some practical gentlemen 
fancied that a weld was better than any other portion of the bar, 
but he had generally found that if there were any defect it was 
in the weld. As to the snow, he allowed as distributed equally- 
over the curve of the roof the weight of 1*2 lb. That was the 
old Admiralty test. 

Mr. Wesselt said that so many able remarks had been 
made, there remained very little for him to say as regarded 
his paper; but he wished to call attention once more to the 
dia^ams, which showed the lines of pressure or curves of equi- 
libnum. 

Fig. 8 showed how different curves of equilibrium might be 
assumed for a certain arch, although the amount of the hori- 
zontal strain was not defined. One of ttem was above the arch, 
another one below, a third one could be drawn so as to intersect 
the central layer of the arch in two points, and would be the 
curve of equilibrium most nearly following the contour of the 
arch. 

These three curves really gave theoretical expression to as 
many practical cases — ^viz. : 

Fu'stly. Where the curve is above the arch. 

Here the horizontal resistance of the abutments was less than 
the horizontal thrust of the arch, which is due to its own height; 
the curve of equilibrium could no longer pass through its crown, 
but rose to a certain height above the same. The tendency of 
breaking the crown by transverse strain, as indicated by this 
curve, could be balanced by a tie on the underside of the arch. 
Such was the ordinary trussed arch or bowstring. 

Secondly. Where the curve of equilibrium is below the 
arch. Here the horizontal resistance, or the pressure of the 
abutments inwards, was greater than the horizontal thrust of the 
arch, which is due to its own height. This case, although not 
frequent in practice, still might occur in an arrangement where 
an arched roof abuts on either side against one of a similar de- 
scription, but smaller in span. These smaller roofs would be 
similar to the bowstring, differing from it only by having their 
ties on top and their struts on bottom. The actual horizontal 
resistance of the abutments was in this case the horizontal thrust 
from the central roof, which would, in the side roofs, produce 
curves of equilibrium situated below their struts. 

Thirdly. That case, where the curve of equilibrium intersects 
in two points the central layer of the arch, was represented by 
the well-known combination of an elliptical arch and two straight 
rafters outside of it being inclined from the centre towards the 
abutments. 
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A fourtli case, where the curve of equilibrium is situated 
within the contours of the arch, did not require any further ex- 
planation. 

The President said he believed the application of the arch 
to roofs was auite modem. He did not know what was the 
earliest use of the arch in such a way, but he believed the 
Moscow riding-school was now about thirty years old. The 
Great Northern Railway roof and the Paddin^on roof were 
among the earliest examples in this country. At Philadelphia 
there was formerly an arched bridge with 340 ft. span, ana on 
the New York and Erie Railway there was one, not long since 
taken down, of 276 ft. span. The Midland roof was an enormous 
bowstring, with the tie concealed under the roadway. That 
seemed to be a very happy idea. It might be asked what need 
there was for such rigantic roofs, and whether it would not be 
more economical to Keep to the old form. But an arched roof 
gave a noble interior ; and the fact must not be lost sight of, 
that in the present age there was a growing taste for grandeur 
and magnificence. Whether we refused to recognise that strictly 
in connexion with engineering of not, we comd not deny the 
fact. It would not do to quarrel with that taste, and it seemed 
to him that the Afidland roof was a concession to it. At the 
same time there could be no doubt that the weight of large roofs 
increased in a greater proportion than their span ; and therefore 
they had more stability. It had been shown that a semicircular 
roof had a horizontal thrust. That ought to be known to every 
engineer, but it was quite ignored in the Exhibition of 1863. 
Every one rememberea how the temporary roof of the Western 
Annexe had to be strutted^ through going over 16 in* at the tops 
of the columns. The strain of the wind was variable, and it was 
difficult to find the maximum. As regarded the snow, different 
allowances must be made in different countries. On American 
and Canadian lines it was alwajrs taken as equal to 30 lb. a foot. 
Beams oould now be rolled to a very large section. About two 
or three years ago he had occasion to make inquiry as to their 
price. He found that large beams 3 ft. deep were rolled as two 
sepcurate T irons, and welded together so as to form a web ; and 
they could be supplied as bridge girders at 17L a ton. Rolled 
beams of lighter section were very often supplied at less than QL 
a ton, which waPs scarcely more than the price of railway bars. 
Rolled beams were much more used abroao, especially in France 
and in the United States, than in England. The Society must 
feel that Mr. Wesselv had given them one of the best papers that 
had been presented tor many months. It contained a ^at deal 
of valuable matter, and would be an important addition to the 
Transactions. 

p2 
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April 9^A, 1866. 

ZERAH OOLBUEN, Pebsidbnt, in the Chaib. 

THE UTILISATION OF SEWAGE. 

By Baldwin Latham. 

Inteoduotion. 

It has been very clearly demonstrated that the life and health 
of communities is in a degree dependent upon the observance of 
certain sanitary measures. That there is a necessity for such 
measures has been seen by the early religious ordinances of the 
Jews and other nations^ and confirmed oy historians who have 
touched upon the internal arrangements and conditions of ancient 
cities and towns, and supported at the present day bjr the nearly 
unanimous opinion of medical men, and by the statistical returns 
of this country. It is unnecessary therefore to enter into any 
argument or adduce any evidence as to the necessity of sanitary 
measures, as it may be taken for granted that the presence of 
atmospheric impurities, arising from the decomposition of ajiimal 
or vegetable matter that may be allowed to accumulate in the 
midst of our populations, has a marked effect in extending the 
ravages or aggravating the character of a certain dass of disease. 
It was the cl^ knomedge of the evils arising from harbouring 
decomposing matter in the vicinity of or under our dwellings that 
has called &rth, within the last quarter of a century, certain 
legislative measures, the objects of which have been to give 
powers to local authorities to suppress the evils arising £om 
cesspools and other abominations, and to sewer and cleanse the 
districts committed to their care. From remote periods, habits 
of cleanliness have been considered by some persons in every 
community as conducive to the preservation of health and life ; 
yet communities as a whole paid little regard to sanitary mea- 
STires, and it was not until cholera and ouier epidemic diseases 
had decimated our populations, and were still threatening us 
with their dire calamities, that the few sanitary reformers in our 
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communities gained the ascendancy, and under their guidance 
a large number of towns have been sewered and drained which 
before were totally unprovided with any efficient system of drainage. 
At this period in the nistory of sanitary reform, the pioneers of flie 
science were so impressed with the enormity of the evils arising 
from retaining decomposing matter in the vicinity of our dwelt 
ings, that they were led to look upon sewage as a nuisance to be 
got rid of as quickly as possible; so they poured it into the 
nearest stream or watercourse, in the hope that that stream would 
bear it harmlessly to the ocean, where it would be entombed for 
ever from sight ; but the result has proved different from what was 
expected. Nature rebels against the waste, and the waters will 
not willingly and without an effort engorge so valuable a mate- 
rial ; consequently we find it seething on the banks of our rivers, 
or returned oy every tidal wave that rolls upon our shores, thus 
figuratively speaking to us in the strongest terms the true direc- 
tion for its application. The benefits arising from the purifica- 
tion of the atmosphere, in every locality in which a tnorough 
cleansing and sewering has been carried out, have had a marked 
effect in reducing the rate of disease and death; yet on the 
other hand it cannot be overlooked that the measures adopted 
have tended very materially to add to the pollution of the rivers 
and streams of the country ; and as in a sanitary point of view 
the purity of our water supplies is of so great importance that 
we snail not, as a country, reap the full advantage to be derived 
from sanitary measures until our rivers have been freed from 
the abominations poured into them. . The attainment of this 
object is the more necessary, when it is considered that many 
large and populous districts are entirely dependent for their 
water supply upon rivers into which a large amount of sewage 
is poured, and that this sewage, which m a river is a bane 
to the country, would under other circumstances if properly 
utilised, go to swell the wealth of the nation. 

What is Sewage, and what is its Value! 
Literally, sewage is the matter conveyed by sewers, and con- 
sists of waste water containing the liquid ana solid excrements 
of men and animals, the soap refuse and washing from kitchens, 
&c., the drainage of slaughter-houses, manufactures, and streets. 
The constituents of sewage vary considerably with the^ habits of 
our population, and with the different systems of draina^ and 
water supply in operation. So great is the variation m the 
quality ot sewage, that its chemicjd value cannot be satisfactorily 
ascertained except after a long course of experiments; yet though 
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a difference will be found in the value of sewage as based upon 
chetnicai analyBis, in few towns can it be said that the sewa^ is 
of so litde worthy and the advantages of utilising it so smalTy aa 
to render it not wordi the trouble and expense of attempting ; 
for in settling the question of the utilisation of sewage, it must 
not be lost sight of that there are other and higher considerations 
than a direct money profit| which render it necessary, if not 
compulsory, to utilise tne sewage produced by all populations ; 
and, in carrying out these higher considerations, the persons to 
whom the duty is entrusted will find from experience that a 
proper and complete system of utilisation will generally give a 
fair remuneration in return for the trouUe bestowea on the 
matter. But let it not be understood that sewage can always be 
profitably utilised c there are exceptions to every rule ; and in 
carrying out the wotka necessary for the purification and utilisa- 
tion of sewage^ it is possible either to expend too much cubital at 
the outset, or the works may be so arranged that heavy working 
expenses may swamp the whole of the pecuniary gains. In all 
works for the utilisation of sewage, simplicity is the great object 
to be attained ; and it is surprismg how nature wiU assist and 
aid the simple efforts to aid her in the fulfilment of her purposes, 
whilsL on the other hand, tiie most expensive systems, if not in 
accordanoe with the j^imple teachings of nature^ must turn out 
to be faaluree. 

The value of sewa£^ has been variously estimated by different 
persons, and under different circumstances ; and in giving the 
following estimates of the value of the ccmstituents contained in 
sewage, it must be fuUy unda'stood that tlie value realisable 
for sewage is totally distinct £rom the money value of its con- 
stituents. 

Baron Liebig has estimated that one ton of London sews^e is 
worth 1*84 penny per ton, guano being 7L I4s, per ton. Accord- 
ing to this estimate, the annual value of the sewage of London, 
when calculated, is equal to 15s. 4d. per head of tne population. 
But as Baron Liebig states that 828 tons of sewer water are 
equal in value to one ton of Peruvian guano, and as he com- 
pares the value of tihe constituents c^ sewage witii the value of the 
constituents of guano, at the present marketable price of guano^ 
the sewage must have a value qf neady double that which the 
learned barcm assigns to it. 

Dr. A. W. Hoiman calculates that the suspended matter in 
sewjuje is worth 16s. 3d. per ton, while the solid residuum from 
the. dissolved matter is worth 6/. 5s,, and that all the constituents 
of sewage when reduced to a solid fonn are worth 6/. Os. 3d. 
per ton ; that one hundred tons of sewi^ as discharged front 
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the Ijondon sewers are worth 17s. 7d*, or Ss* 8^d. for the sus- 
pended matter and ISs. 4^d. for the dissolved matter. At this 
rate^ a ton of sewage is worth ratker more than 2d. per ton, or 
the annual value is worth 17s. 7d. per head of the population^ 

Srovided 100 tons correctly represents the amount oi sewage 
ue to one individual, and which there is every reason to believe 
is correct in the case of London ; but the actual figures, calcu- 
lated by him from the total value of the London sewage, give 
10s • 8d. aa the annual value per head of the population. As 
Dr. Hofman calculates the total value of London sewage is 
1,385,540^. per annum, and as this sewage is produced by 
2,600,000 persons, and is calculated in bulk at 366,000,000 tons, 
it must be quite evident that either the total value of the sewage 
is below the value, or, what is more probable, that 2d. per ton 
is too great a value for the sewage. 

Messrs. Hofman and Witt have estimated the value of the 
annual voidings of an $k1uU male as follows : 





Solid matter. 


AmmoDia. 


Value. 


Urine . 
FaBcea. 


lb. 
. . 61 
. . 34 


lb. 

15-8 

»-8 


s. 
10 

1 


d. 



65 181 11 9J 

Dr. Thudichnm estimates the value of the urine of an 
adult male as follows : 



Solid matter. 


Ammonia* 


Value. 


lb. 


lb. 


8. d. 


47 


lB-9 


10 H 



and that 2,800,000 persons of a mixed population are equal to 
2,000,000 adults. A mean result of the estimates of Messrs. 
Hofman and Witt and Dr. Thudichum, as taken by the 
** commissioners appointed to inquire into the best mode of 
distributing the sewage of towns, and applying it to beneficial 
and profitable uses,'* gives the value of each individual of a 
mixed population as : 

Ammonia. Value, 

lb. 8. d. 

Urine . . . 11-32 7 3 

. . 1-64 1 2i 



Total 12-96 8 5| 

and an estimate made by Messrs. Lawes and Dr. Gilbert tends 
to show that the average value ass^ned in the estimates of 
Messrs. Hofman and mtt and Dr. Thudichum is in excess of 
the value of the sewage. They consider that the amount 
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of ammonia probably contributed to the sewers by a mixed 
population, including tbe supply from all sources, does not 
exceed 12^ lb. per head of the population, and that the annual 
value is 8s. 4d. per head of the population ; so that if this 
8s. 4d. worth of manure is contained annually in 100 tons of 
drainage and rainfall water, it will give the sewage an 
average marketable value of Id. per ton. 

Professor Way estimates the value of the sewage of Rugby 
at from Id. to l^d. per ton ; but he considers the constituents 
of London sewage are not worth l^d. per ton. 

Professor Yoelcker estimates the intrinsic value of one ton of 
sewage at 2d., but that this theoretical value of 2d. per ton is 
practically greatly reduced, and in some instances would be 
altogether lost. 

A&. Lawes estimates the value of the sewage of Bugby at 1^ 
per ton. 

Sir C. Fox estimates the value of sewa^ at Ifd. per ton. 

W. Hope, Esq., estimates the commercial value of the sewage 
of London at Id. per ton ; he also computes the annual value at 
6s. per head of the population. 

*r. J. Mechi, Esq., gave it in evidence before the Select Com- 
mittee on the Sewage of Towns that he estimated the annual 
value of sewage at 16s. per head of the population, upon the 
assumption that the value of the sewage was equal to one-tenth 
the value of the food consumed, which value ne set down at 
from 7L to 8/. per head of the population. 

Mr. Ellis estimates that the value of a ton of sewage is 2d. as 
compared with the guano at 11/. per ton, on the prmciple that 
1250 tons of sewage contains as much fertilising matter as a ton 
of guano. 

Mr. Morton, in his interesting and valuable paper on sewage 
read before the Society of Arts, calculated tnat in applying 
sewage in the meadows of Edinburgh, not more than |d. per ton 
is realised. If London sewage was utilised at the same rate, 
it would give an annual return of 6s. 3d. per head of the 
population. 

The commissioners appointed to inquire into the distribution 
and utilisation of sewage have calculated that at Croydon, after 
deducting 4t per acre as the estimated value of the land, that in 
the cultivation of rye grass |d. to Id. is realised, and in the cul- 
tivation of meadow grasses }d. to f d. per ton is realised. The 
value of sewage has generally been estimated by the amount of 
fertilising matter present in it ; and this value has been asserted 
W various ^rsons to lie between Id. and upwards of 2d. per ton. 
X et it is quite possible all parties may be correct when the vari- 
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ableness of the article to be dealt with is considered ; so that^ 
owing to this very changeability of character, in estimating the 
▼alue of sewage, it will be well always to compare it with some 
fixed standard. For this reason, the author considers that, in 
estimating the value of the constituents of sewage, it is far better 
to estimate it by the number of persons contributing to the 
"sewers than by the price per ton of sewage ; because once ascer- 
tain what is the value of tne sewage of one individual of a mixed 
population, and you have a standard, which if not correct, is more 
correct than the value per ton when it is intended to be used in 
tiie case of towns in which there exists no reliable analysis of the 
sewage ; moreover the value of sewage of any place, when based 
upon its analysis, can only be correctly arrived at after a lon^ 
and expensive course of experiments ; and although the value oi 
a correct analysis of the sewage cannot be over-estimated, and in 
the case of some manufacturing towns where it is necessary that 
something more than the amount of fertilising matter present in 
the sewage should be ascertained, it becomes absolutely indispen- 
sable ; yet as a general rule, once ascertain the value of the con- 
stituents of sewage as contributed by one individual of a mixed 
population to the sewers, and you have a standard of value which 
IS easy of application in every case. It is true that the value of 
the fertilising matter is dependent upon the social position and 
habits of the population furnishing tne sewage, and is greater in 
the case of an opulent district than of a poor district, so that in 
fixing the averaije value, it will be better to err on the safe side 
than that our calculations should lead to financial failure when 
other results were expected. The annual voiding of one indi- 
vidual of a mixed population, as based upon the mean estimates 
of Messrs. Hofman and Witt and Dr. Thudichum, gives, in 
round numbers, 8s. 6d. as the value of the fertilising matter pro- 
duced ; vet it must be quite clear that the whole of me fertilising 
matter does not find its wav to the sewers, as in the most perfect 
arrangement some loss will occur. On the other hand, in addi- 
tion to the voidings of the people, there is a vast amount of fer- 
tilising matter from other sources that finds its way into the 
sewers. From the observations that have been made on the 
sewage of London, it is probable that the amount of fertilising 
matter which finds its way into the sewers from all sources is about 
equal in value to that of the annual voidings of the population, 
or, say, 8s. 6d. per head. This theoretical or chemical value of 
. 8s. 6d. per head of a mixed population is 2d. in excess of the 
value assigned to it by the commissioners appointed to inquire 
into the distribution and utilisation of sewage. For all practical 
purposes the egtiou^te of the Sewage Gomnuwoners may b^ 



Digitized by LjOOQ IC 



74 THE UTILISATION OF SEWAGE. 

taken. Having decided that the standard value is 8s. 4d. per 
head, it will be a simple matter for calculation* in every town 
what returns are likely to be realised from the disposal for agri- 
cultural purposes of its sewage. Under some circumstances and 
in favourabfe seasons it is probable that the full value in agricul- 
tural produce may be realised from its useful disposal, because 
sewage has a value for some purposes distinct from its chemical 
composition, which value will oe considered hereafter ; but, as a 
rule, it may be taken for granted that its theoretical value can- 
not always be realised, as in every case the cost of transport 
and distribution must be deducted from its theoretical value 
before the actual returns can be ascertained. 

Value op the Water of Sewage. 

Water is the vehicle that transports the fertilising matter con- 
tained in sewage through our drains and sewers eventually to bo 
dealt with by 3ie agriculturist. To a mind trained unaer the 
present practices of the agriculturist, the presence of so much 
water as is contained in sewage is looked upon as baneful rather 
than of value, and its effects, if poured upon land throughout 
the entire year, are considered to be ruinous ; yet when tested 
in the unerring school of experience how different are the 
results ; and when the facts are fully considered, it is obvious 
that the very presence of water has a value. When fertilising 
matter is conveyed in water to the crops, the operation is so 
simple that the labour that otherwise would be required in spread- 
ing a solid manure is dispensed with, while the fertilising matter 
is equally and uniformly distributed with almost mathematical 
certainty. 

When the fertilising matter is received in water to a great 
extent, any loss by evaporation is checked, and the loss that often 
occurs in the application of solid manures from adverse weather 
is diminished, if not banished ; while the matter held in solution 
by the water ia at once presented to the plant in a state ready 
for assimilation. The plant having its food ready prepared for 
it, grows rapidly, and as the period of growth is greatly shortened, 
a greater number of suitable crops can be taken from the same^ 
ground in a season under the irrigation system than under the 
ordinary processes of farm manuring. The obvious difference 
between the system of manuring with solid manures and liquid 
manures is this, that the solid manures are applied to the land, 
while the liquid are applied more directly to the plant. 
The land is the medium for applying the nutriment that 
goes to build up the tissues of the plant ; out if a given amount 
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of fertilising matter in a dry, and also in a liquid state is appliedy 
the liquid manure is at once food for the plant^ while delays must 
take place before the solid manure tan be assimilated bj the 
plant. Solid manure must lie exposed to atmospheric influ- 
ences until it has become soluble, and then it must be taken into 
solution by water before it is food for the plant ; so that it is 

Suite obvious, all other matters being equal, that a greater num-^ 
er of crops can be taken from the same area of land under the 
liquid manure system than under the dry manure system, which 
is in fact equivalent to an increased area of land, with this 
advantage^ that there is but one rent or first charge upon the 
land. 

Water alone has been found to have a remarkably stimulating 
effect on the growth of plants. It may be said of a plant that 
it lives and grows by drinking, and not by eating ; ^^ for a plant 
is not like an animal, endowed with special organs to dissolve the 
food and make it ready for absorption ; this preparation of the 
nutriment is assigned by another law to the fruitful earth itself^ 
which in this respect discharges the functions performed by the 
stomach and intestines of animals." It is of no use to a plant for 
the soil to contain all the constituents it requires to promote its 

Sowth, if they are not in such a state as can be made available ; 
e first requisite is that they must be soluble, and the 
second requisite is the presence of water ; for water is the vehicle 
that conveys nutrition alike to the plant and animal. The 
quantity of water that enters the roots of a plant is so great that 
tne fertilising matter held in solution is in a state of extreme 
dilution ; and in fact a concentrated solution of fertilising mat^ 
ter acts upon a plant in an analogous manner to an atmosphere 
of pure oxygen upon a living animal — ^in short, it stimulates it to 
death. Water then modifies the stimulating property of ferti- 
lising matter, and tends to produce a steady ana healthy growth, 
just as the nitrogen of the atmosphere modifies the stimulating 
properties of the life-giving oxygen. 

The amount of water evaporated or exhaled by a plant may be 
arrived at from an experiment made by BLshop Watson, who found 
that on a light and hot sunny day, when there had been no rain for 
a month, plants'of grass evaporated water in twelve hours equal to 
'035 in. in deptli on the surface that produced them ; a similar ex- 
periment after a thunder-storm gave 0*87 in. Calculating from 
this latter quantity when the ground is moist, a plant of common 
grass will evaporate water at the rate of quite ten tons per acre 
per day, and assuming that this rate was only carried out for one- 
palf the year, it would e^ual X800 tons per acre per annum ; such 
}» the enorpious quantity of water requisite to keep up the 
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healthy growth of the plant, which at once testifies to the advan- 
tage of furnishing it oj artificial means when required. Water 
has a beneficial effect in i^ndering soluble the inorganic consti- 
tuents of the soil, and so converting them into food for the plants. 
It is well known that a plant has a discriminating power of 
selecting from the soil only such food as is suitable for its growth ; 
therefore any matter that remains in the vicinity of the roots, and 
which is not required by the plant, acts injuriously if not re- 
moved, by taking the place of matter suitable for the growth of 
the plant. Now water, in circulating, as in irrigated meadows, 
has the power to wash away these particles of matter, which, 
when in excess, the earth loses its attraction for, consequently 
they are removed without injury to the land. The circulation of 
water on the face of an irrigated field has the property of pro- 
tecting a plant from the frost, j>rovided the water is Kept on con- 
stantly during the entire period of its duration; the reason 
for which is, tnat it requires a much more severe frost to freeze 
water in motion than when stagnant, and it is equally obvious 
that water preserves a higher temperature than hard frozen 
ground, so that a plant is much better protected when enveloped 
m water than when exposed to the open air. Water itself is also 
food for plants, as a certain amount of water is decomposed in 
passing through the tissues of the plant, which goes to build 
up its fabric. The objects of the agriculturist are fulfilled in the 
application of liquid manure with more certaintv than under the 
dry system of manuring, as the greatest quantity of animal and 
vegetable food can be produced from a given area with far 
greater certainty and economy. 



Value op the Temperatube op Sewage. 

Sewage has a special value distinct from the fertilising matter 
it contains, and also from the water that transports it ; and this 
is its temperature. The value of its temperature cannot be over- 
estimated in a country similar to tiiis, in which extreme chants 
of atmospheric temperature often suddenly take place, and in-^ 
juriously affect both plants and animals. 

The value of the high temperature of sewage is more particu- 
larly demonstrated in the depth of winter and during long and 
continuous frosts. It is a rather remarkable circumstance, that 
when the greatest degree of temperature is required, the sewage 
possesses it, that is, the temperature of sewage has been found 
bv the author to increase with the period of duration of frost 
This is probably o^ing to the sta^ntion of surface water, and 



Digitized by LjOOQ IC 



Tffil tJTlLlSAl^lOK OF SEWAGE. 77 

also to the habits of the people ; as much less cold water is used 
in the depth of winter than at other times. So great is the value 
of temperature, that a crop under sewage irrigation may be seen 
growing even at the time of a severe trost. The author, from 
an experiment made during the winter of 1864 upon the irrigated 
fields of South Norwood, and carried out during a period of 
severe frost, was enabled to cultivate a crop of rye grass, which 
was only sown in the early part of the month of November ; and 
when measured at Christmas the same year, the plant was found 
to be six inches in height, and was then growing luxuriously ; 
and during the followmg year that crop was cut six times, the 
last of which was withm one week of Christmas-day, 1865. 
During the experiment of the winter of 1864, in eveiy case in 
which the sewage was applied, it had a temperature, in the coldest 
season, some degrees above that of the atmosphere, but not such 
a high temperature as the water used in another situation — ^the 
sewage-irrigated farm of Beddington, also under the author^s 
direction. The temperature of sewage will be found to vary with 
the circumstances affecting the supply of water. Thus in a town 
supplied with water from an artesian well, the sewage will have a 
higher temperature in winter, and a more uniform temperature 
at all perioos, than in a town supplied from a river or collecting 
area. Again, a town having but a small quantity of sewage to 
deal with, that sewa£;e cannot be preserved at so high a tempera- 
ture as a town in which the mass of sewage is great, as during a 
cold season the circumstances of exposure affect a small quantity 
much more readily than a large mass. The following Table gives 
the temperature of the sewage of Croydon as flowing to Bed- 
dington and South Norwood : 
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By referring to the foregoing Tables It will be seen that in 
time of frost the sewage has a high degree of temperature, 
which it loses when passed over the land. It has been found 
that when the atmospheric temperature is greater than the 
sewage, and more especially in sunnt weather, the sewage in- 
creases in temperature on passing over the land; so that the 
effect of the application of sewage is to moderate the tempera- 
ture of the lana. The value of temperature is so ffreat that In 
irrigation works it cannot be overlooked; and what Is of greater 
importance to know is that, in the absence of heat, its effects, to 
a great extent, may be produced by giving an increase of velocity 
to the flow of the sewage, as it has been found from experience 
that motion is equivalent to temperature ; consequently, in all 
irrigation works, where it is possible, the lower fields may advan- 
tageously have a greater rate of inclination than the fields that 
first receive the sewage. 

Dilution of Sewagb, and the vabious Mbasures that 

HAVE BEEN PBOPOBBD FOB OBVIATING IT. 

The extreme state of dilution in which the fertilising matter is 
often found in sewage has been used as an objection by many 
persons to its being applied to a^cultural purposes; with 
others it has been an argument for the introduction of duplicate 
system of drainage ; one set of sewers for the rainfall, the other 
for the sewage proper. Again, with many it has been the plea 
for abandoning the watercloset system, and adopting some other 
system not requiring the presence of water for effecting the 
removal of fa&cal matter. In considering the subject of dilution 
in all its bearings, it must be remembered that sewage, be it ever 
so dilute, if allowed to enter a stream unpurified, will most as- 
suredly foul and injure that stream ; and^ when it is considered 
what large quantities of water are daily used for the removal of 
dirt and filth from our dwellings, apart from the watercloset 
system, it must be quite clear that such water contains an amount 
of filth that would foul any stream into which it is poured ; and 
although this drainage water may not contain the same amount 
of fertilising matter as sewage proper, yet it contains quite suf- 
ficient to do mischief, as is daily evmced in those towns that have 
not adopted the watercloset system, and yet still have a system of 
drainage ; and as the purity of water should be one of the first . 
considerations of the sanitary reformer, upon sanitary jgrounds, 
if upon no other, water that has been once used to fulfil the 
domestic purposes of man should not again be turned into a 
stream from which it is probable his fellow-man may draw his 
only supply of water, without being first effectually purified. It 
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has already been pointed out that the presence of water in 
sewage has a yalue^ and it maj be taken for granted that in 
all cases in which sewage can be applied by gravitation, the 
dilution^ instead of being an injury, is a positive good ; and con* 
se^uently it is only in such cases as require the sewag|e to be 
raised artificially oefore it can be utilised, that dilution can 
seriously interfere with its value ; and even when the state of 
dilution is such that the expense of raising it may not return a 

Srofit, yet when it is considered that no process of effectually 
eodonsing sewage has been discovered, or is likely to be disco- 
vered, and that with all the systems of deodorisation, imperfect 
as they are, there is no gain, yet in the case of the most dilute 
sewage, although no pront may be made by its application, yet 
there is one great thing to be said of it that cannot he said of 
any system of deodorisation or chemical manipulation as at pre- 
sent practised, and that is, that it effectually purifies the sewage. 
In an agricultural point of view, the dilution of sewage is no 
great drawback to its use ; indeed, it is surprising how extremely 
dilute the vegetable kingdom at all times receives its food. The 
dilution does not diminish the absorbing power of the land for 
the f ertiUsing matter ; and to show how unimportant the question 
of dilution in an agricultural sense may appear, it will only be 
necessary to state that a field manured at the rate of 20 tons of 
rotten stable dung to the acre (according to Professor Voelcker^s 
analysis) contains, ammonia, 530 lb. ; phosphoric acid, 200 lb. ; 
potash, 220 lb. With an average raintall of 26 in. upon a field 
thus manured, we have a solution of fertilising matter far more 
dilute than sewage water. 

Stable Dang and BainfSdl. Sewage of London. 
Ammonia • . 3*96 grains per gallon 7'20 grains 

Phosphoric acid 2-40 „ 1-44 „ 

Potash . . . 2-60 „ 1-63 „ 

8-96 10^7 



Sepabation of Rainfall from Sewebs. 

The plan for separating the rainfall water from the drainage 
of houses and waterclosets has had many advocates, and appears 
at first to commend itself to our attention ; but it will be fx)und 
upon thorough investigation that it is a system unsuited for large 
cities or towns : Ist, because it involves a greater outlay in the cost 
of construction of the sewers ; 2nd, the results to he attained 
will prove^ unsatisfactory ; 3rd, the evils it is proposed to remedy 
are more imaginary than real. 

A greater outlay in the construction of works would be in- 
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ciirred, as a duplicate system of sewers would \>e required, and 
double drains rrom every house, which would nearly double the 
cost of the system of drainage as at present practised. 

The system would prove unsatisfactory, as the rain that falls 
upon the surfaces of the streets, yards, roofs, &c., of towns 
acts as a scavenger, and carries with it many matters of great 
fertilising value, which if turned into any pure watercourse 
would most assuredly destroy its purity. 

The evils the double system of sewers are proposed to remedy 
are more imaginary than real, as it has not been shown that a 
large amount of rain entering a sewer has any ill effect ; it has 
not even been shown that it tends to dilute the sewage ; but, on 
the other hand, in the case of London sewage, it was shown in 
evidence before Dr. Brady's committee, by Dr. Hof man, that the 
Savoynstreet sewer yielded, on two occasions, 94 and 111 grains 
per gallon, but after a heavy storm the same sewer yielded as 
much as 296 grains per gallon, and other sewers gave corre- 
sponding quantities. It is not improbable that, in the examples 
furnished from London sewers, this excess of solid matter in 
times of heavy storms is due to the lodgement of solid matter in 
old and ill-constructed sewers, and that under a better system 
of sewers, so proportioned as to size and shape as to be always 
self-cleansing, no such solid matters could at any time find lodge- 
ment in them. This being the case, the rain would only convey 
into the sewers such matters as are washed from the surfaces 
which receive it; consequently the quantity and agricultural 
value of the matters conveyea by ram into the sewers must 
depend on conditions that vary considerably in every town. The 
following Tables are from the analyses of Professor Way, of 
rain water collected from the streets of London before reaching 
the sewer : 



No. of 
Bottle. 



Name of Street. 



Descrip- 
tion of 
Paving. 



Quantity 
of Traffic. 



Soluble. 



In- 
soluble. 



Total. 



7 

5 

12 

3 

4. 

2 
10 

6 
11 



Duke-street, Manchester- 
square 

Foley-street (upper part) 

Gower-street 

Norton-street 

Hampstead - road (above 
the canal) 

Ferdinand-street 

Ferdinand-place 

Oxford-street 



Macadam 
Granite 

Ballasted 



Granite 
Macadam 



Middling 
Little 

Middling 
Little 

Great 

Middling 

Little 

Great 



92-8 

95-30 

126-00 

123-87 

96-00 
44-00 
50-80 
276-23 
194-62 
3400 



105-95 
116-30 
168-3 
300 

8400 

48-3 

34-30 

537-10 

390-30 

500 



198-75 
211-60 
294-30 
126-87 

180-0 

92-30 

85-10 

813-33 

584-92 

39-00 
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Four samples of the waters described in the f dre^oing Table 
were submitted to separate analyses^ with the following result : 

Analysis of the SoluJfU Matter indiferent Speeimene of Street 
Drainage TVater, 



Water of combination and 
some soluble organic 
matter 

Silica 

Carbonic acid 

Sulphuric „ 

Lime 

Ma^esia 

Oxide of iron and alumuia, 
witli a little phosphate 
of lime 

Chloride of potassium 

„ sodium 

Potash 

Soda ..... 



Grains in an ipoperial gallon. 



GiMt Traffic 



Granite. 
Ho. 10. 



77-56 
0-61 

16-84 

36-40 
6-65 

None 



S-58 

None 
53-84 
82-76 



276-23 



Macadam. 
No. 6. 



29-07 

2-ai 

12-98 
38-28 
13-38 
28-5X 



1-25 

10-99 

44-88 
18-27 



194-62 



Little Tnffic. 



Granite. 
No. 12. 



22-72 

None 
46-48 
25-90 
Trace 



None 

18-44 

8-75 

1-58 



123-87 



Macadam. 
No. 7. 



18-73 

None 

34-08 

161Q 

3-50 



2-79 

19-70 

5-23 



Q513 



Professor Way adds : " So far as London is concerned^ and 
considering only the composition of the liauid which reaches the 
sewers in time of rain from the streets, it seems pretty certain 
that it would be as valuable in n manuring point of view as the 
ordinary contents of the sewers. There would seem no reason^ 
therefore, to exclude such waters on the ground of the dilution 
and deterioration of the sewage to which fhey might be supposed 
to lead," However much the evils arising from the introduction 
of rain water into sewers are magnified, it is clear it does not 
injure the sewage for agricultural purposes. Moreover, it should 
be borne in mind that the periods of excess of rainfall in this 
country are limited, and that, as a rule, over half the rain falls 
within a period of from twenty to thirty days ; of the other half, 
if taken as being uniformly distributed throughout the year, 
and after making reductions for evaporation ana absorption, the 
proportion of the latter half of the rainfall that finds its way to 
the sewers is really infinitesimal. In the cases of London, Mr. 
Bazalgette has recorded the fact that \ in. rain did not furnish 
more than \ in. to the sewers ; and -^ in. of rainfall more 
than \ in. to the sewers. There cannot be any doubt that the 
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commercial Wue of sewage water when containing rain water 
is less than if the fertilising matter was contained in less liquid ; 
and when the sewage has to be lifted to considerable height the 
commercial result will be in favour of a concentrated solution 
of fertilising matter. But in the application of sewage it must 
neyer be lost sight of^ that the question is not one entirely of 
utilisation, bat of purification ; and on the latter account it 
would not be advisable to divert all the rainfall from the sewers : 
yet it should not be lost sight of that the rain water, before 
entering the sewers, might be collected and used for many pur- 
poses, and thus materially diminish the quantity of water re- 
quired to be brought into a town, and consequentl^y^ at the 
same time diminish the cost to the inhabitants of procurmg water 
supplies. 

Sepabation of F^0Ai4 Matteb from House D juinagb and 

This system, like the system of separating rainfall from the 
sewerSy requires either a duplicate set of sewers and drains, or 
other special arrangements that would involve in construction a 
greater outlay than required when but one system of sewers is in 
use. The advantages of this system are to be ascribed solely to 
the increased commercial value of the portion of the sewage 
separated from drainage water. 

In every system for the coDection of fsecal matter, the life and 
health of our populations must be considered as of far more im- 
portance than the agricultural value of the sewage ; consequently 
those who have to decide upon the best system to be adopted 
must be careful to look at the subject, first from a sanitary point 
of view, and secondly from the agricultural point of view. This 
system of separating fsecal matter from the ordinary drainage 
will recjuire either a certain amount of water to be admitted into 
the drains for conveying the fsscal matter, in order to transport 
it to its destination, or it will require cesspools in close proximity 
to our dwellings, from which the matter must be removed 
by manual labour, as practised in some parts of Paris, and by 
the Ureka Manure Company in this country. In considering the 
result of this system, it must be borne in mind that great evils 
result from cesspools of every description in proximity to our 
houses, and it would certainly be a retrograde step if, in order to 
realise the greatest results aimed at under this system, cesspools, 
in any form or shape, should be again introduced. If however 
the duplicate system of sewers is adopted, without the interven- 
tion of cesspools, a larger quantity of water must be used when 
distributed over the two systems, in order to keep each system 
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in working order ; for it must not be lost sight of that the quan* 
tity of water ordinarily used under the watercloset system would 
not act so effectually in keeping the drains and sewers clear 
from obstruction^ if it were not assisted by the water used for 
other domestic purposes. 

It has been already mentioned that rain water carries with it 
to the sewers many objectionable matters; but the amount con- 
tained in such rain water sinks into insignificance when compared 
with the matter contained in the waste water from our houses ; 
and assuming that this system be carried out, and that the 
drainage water be turned into our streams unpurified, it would 
tend very materially to pollute them, and at the same time waste 
much valuable fertilising matter. In proportion as the separa- 
tion of the drainage of waterclosets from house and refuse water 
takes place, so wul such refuse water contain proportionally less 
fertilising matter; consequently, in utilising the sewage of a 
town unoer the system, we shall have two solutions to deal with, 
one containing the faecal matter, and rich in manurial properties, 
the other, the refuse and rainfall water, containing much less 
fertilising matter, yet quite sufficient to create a nuisance if ad- 
mitted into any pure watercourse. And as it ^ absolutely neces- 
sary for the purpose of purification, that the contents of both sys- 
tems of sewers be utilised and purified, they cannot be utilised 
with as much advantage separately as when combined. The 
separation of faecal matter from drainage and rainfall is carried 
out in most towns in which no works oi drainage have been con- 
structed, and yet in but few instances do the owners of the faecal 
matter get anything for it, but, on the other hand, they have 
often to pay to have it removed. There are other towns which 
have a system of drainage, and which still separate the faecal 
matter from the rainfall and drainage by a system of cesspools, 
ashpits, or soil-boxes; yet in not one of the places in wbicn the 
system is in operation does it give any return to the town. Man- 
chester may be taken as an example of this mode of dealing with 
the faecal matter of a town, and yet we see that at Manchester the 
corporation annually lose upwards of 7000/. by the system in 
operation; in addition to which, it cannot be lost sight of that 
the mortality of Manchester is upwards of 30 in the 1000, the 
mortality of London being but 23, and of Croydon but 20. At 
Hyde, in Lancashire, which is under treatment by the Ureka 
Sanitary and Manure Company, the solid and liquid faecal 
matters are collected in boxes, that are removed by manual 
labour as soon as filled, and taken to the manufactory of the 
company, where the aqfunonia is fixed by an acid ; the greatest 
portion of the water is then evaporated, and the mass is after- 
wards brought into a dry state by being mixed with fine dry ashes, 
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and is ready for sale. The companv, it must be recollected, 
make a charge of 2s. per house to all persons who adopt their 
plan, in addition to which they get the faecal matter unmixed 
with water. If this charge of 2s. per house is fairly analysed in 
a town, say, the size of Croydon, a sum eaual to 600/. per annum 
would have to be paid for removing the laBcal matter only ; and 
as it would still be necessary to sewer and drain, and also to 
purify this drainage water, no saving in the cost of construction 
would result ; so that of this 600?. which would have to be paid 
by the inhabitants, if fairly compared with the results realised 
by irrigating with town sewage, it will show most conclusively 
that no possible advantage can arise to towns by selling or 
manufacturing its fsecal matter into manure, and still having to 
purify its drainage water. From the foregoing observations the 
following conclusions may safely be drawn of this system : 1st. 
The first outlay in the construction of works and the expenses of 
maintenance will be greater than when but one system of sewers 
is adopted. 2nd. If under this system cesspools are to be con- 
tinued or introduced, in a sanitary point of view, the system will 
be pernicious to life and health. 3rd. If a duplicate plan of 
sewers are used under this system, it will not give so good a return 
as if a cesspool or other receptacle were used, and a greater 
quantity of water will be required for flushing and keeping clear 
tiie two sjrstems of sewers tiian would be required with but one 
system ot sewers. 4th. The system cannot be carried out with- 
out polluting the watercourses of the country, unless the con- 
tents of both systems of sewers are first purified. 5th. That the 
contents of both systems of sewers will contain fertilising matter 
which it is desirable to utilise ; but no advantage will be gained 
by separately dealing with the contents of each system of 
sewers. 

Separation of Liquid from Solid Excretion. 

This plan, that has been proposed upon several occasions, is 
intended to separate the urine from the ordure, and convey it 
by a special system of pipes to some locality where it is to be 
reduced to a solid ana portable manure. If a town had no 
other object to consider tnan making a profit in an easy way, 
probably a system like this would be likely to succeed; but 
when it is fairly considered that the sewage of a town must be 
dealt with in order to purify it, no advantage can possibly 
accrue by robbing the sewage of its most valuable constituents, 
and thus leaving a large quantity of comparatively poor sewage 
to be applied, under the most disadvantageous circumstances ; 
and moreover all that has been urged against anv sj^tei4 x^ 
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quiring a duplicate system of Bowel's will with equal force apply 
to this system^ 

PitiNCiPLES OF t^uKimJTG Sbwagb bt ITtilisation. 

Much misunderstanding has arisen a^ to the theory of the 
purification of sewage by its utilisation. It is common to find 
persons who suppose that the sewage is absorbed by the land 
mechanically, just as any solid manure would be mixed with the 
soil, or just in a manner analogous to that in which a sponge 
absorbs water ; consequently, it nas been considered by many 
persons that porous sandy soils are the only soils fit for the 
utilisation of sewage j than this there cannot be a greater 
mistake. Other persons, again, suppose that the roots of the 
plant under cultivation extract the fertilising matter directly 
from the sewage ; and this again is n mistake. For it is found 
that the purification, and consequently the absorption, of fer- 
tilising matter is at all times and all seasons most perfect ; con- 
sequently, this process of purification cannot be due to the me- 
chanical absorption of the sewage by the soil, for if it were, when 
the pores of the soil are filled with sewage, or even with water 
in time of rainfall, we should expect the purification to fall off ; 
yet experience shows that in time of rainfall, when there is 
more sewage, and the land is completely soaked, the purification 
is as complete and as perfect as at any other time. Again, to 
show that it is not the roots of the plant that extract the ferti- 
lising matter from the sewage, it is found that at night, when the 
plant may be said to be at rest — for in the absence of light a 
plant cannot fullv utilise fertilising matter — and also in the 
winter months, when vegetation is by no means as active as at 
other times, it is found that the purification of the sewage still 
goes on perfectly and without intermission. The purification of 
sewage is due to a very beautiful property possessed by all soils 
to a greater or less extent, which is the affinity soils have for 
the lertilising matter, and their power of retaining it till 
required by the plant* Clay soils have a much greater affinity 
for fertilising matter than pure sandy soils, and it is possibly 
due to this property that clay soils excel in productiveness more 
than any other when treated with sewage. In utilising sewage, 
the soil performs the threefold action of extracting the fertilising 
matter, then fitting it for the food of the plant, and lastly, 
retaining it until required for the use of the plant. That this is 
the probable explanation of the process of assimilation may be 
taken from the fact that clay soils, which are really less me- 
chanicalljr absorbent than sandy soils, are as eflFectual, if not 
more so, in the purification of sewage. Again at night, when 
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the growth of the plant is at rest, and yet the circulation of the 
sap is going forward, being kept up by thd process of evapora- 
tion from the leaves of the plant arid the capillary attraction of 
the roots^ it is found that the gaseous matter prepat^d in the 
soil is partially evaporated from the pUnt ; which would go to 
show that it has been fitted for the food of the plant, and it only 
needs the active property of light to properly utilise it. Again, 
probably the best proof that the soil attracts and retains the 
fertilising matter of the sewage we find in the fdct that the first 
crop in Uie season on a sewage-irrigated fdrm will neatly always 
eaual in weight one-half of all the remaining crops of the season, 
which shows that the fertilising tnatter stored In the wiilter has 
been made use of by the plants in the spring. It has been 
thought by sortie persons that, as some of the roots of the plants 
on an irrigated field spread themselves over the surface like A 
spider-web, that they directly take up the sewage ; but then it 
is more generally known that this property of the spreading of 
roots is not peculiar to irrigated fields, out is also found in 
many other fields when the crops are heavy, and that it never 
takes place until the crop has grown to such a height as to com- 
pletely shelter the Irootsj that in all probability the phenomenon 
has no direct coilnexion with the sewage, but is rather due to the 
tapid growth of the plant, and the absence of light at the roots, 
consequently^ the roots under the circumstances are induced to 
spread themselves more or less in all directions. 

Mode of Utilising Sewage. 

PrimArily^ the modes in which sewage has been proposed to 
be distributed over land may be classified under the following 
heads: 

1. Snbterra.tieatt irrigation. 2. Underground pipes, and hose 
and jet distribution. 3. Surface channels. 4. By shbmersion. 

Each of thesel sjrstems has its modification!?, but all systems 
may be reduced to either one or other of these classes. 

subterranean Irrigation. — ^Under this system the sewage is 
proposed to be passed into porous pipes, laid sufficiently deep in 
the ground to be out of the way of the plough. Indeed, under 
some circumstances, the pipes that are used for drainage may be 
made to subserve all the purposes of this system by merely 
stopping up their outlets during the time they may be required 
for irrigation, by which means the water will be dammed backj 
as it were, until it reaches the upper stratum of the earth and 
the roots of the plants. This system, which has been practised 
in some parts of Switzerland to a limited extent, is open to 
great objection, more especially -i^hen dealing with a solution of 
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fertilising matter instead of with water, as has usually been em- 
ployed with this system. The great e^ to be guarded a^nst 
m irrigation, with either water or sewage, is stagnation. iTow, 
as drains laid in the ground for the purpose of drainage do not 
intercept the rain or other water falling on the surface of the 
land in its descent to the drains, but the water carried off by 
drains enters them at the bottom and flows up into the drain, 
because the drains form the overflows for subsoil waters, and, 
until the earth has been saturated to the level of the drains, no 
water will flow from them, but when this saturation is complete, 
then any additional water will overflow by the drains instead of 
rising to the surface ; the condition then of all water below the 
level of the drains is that of a state of stagnation, which is pre- 
judicial to any crop. This is well understood by the agricul- 
turist ; hence the system of deep drains to remove the subterrar 
neons water as far from the surface as possible. Now, this system 
of underground irrigation would tend to raise the water to the 
level of the soil; consequently no circulation will take place, 
except that produced by the process of evaporation. The system 
of underground irrigation is wrong, inasmuch as it waterlogs the 
earth and induces a degree of coldness in it. There are other 
matters which require consideration when considering the system 
as connected with the utilisation of sewage. The great evil of 
this system is the waste of fertilising matter it tends to promote; 
for we cannot for one moment lose sight of the fact that sewage 
admitted into porous underground pipes, when the saturation of 
the ground is incomplete, will have a greater tendency to gravi- 
tate still deeper into the earth, and out of the reach of vegetation. 
Indeed, if it is desired to get rid of the sewage rather than utilise 
it, this is one of the best plans that could be adopted ; in fact, it 
would be conversion of a field into an absorbing area similar in 
principle to the dry wells so prevalent in many parts of the 
country. But the getting rid of the sewage in this way is pur- 
chased at the expense of fouling the imderground water. And 
as at the present time the purity of all water supplies must take 
rank even before the agricultural question of the utilising sewage, 
it is absolutely necessary that the system to be adopted shall pre- 
serve the purity of all water supplies. 

Underground Pipes and Hose and Jet Distribution. — ^This 
system has not only been proposed time after time in this country 
for the distribution of sewage; it has been lai'gely carried out, 
but with little success. There are various reasons for this 
want of success, and in considering them it will be well first 
to mention that this is a system likely to take the fancy of many 
persons — indeed it may be said to be a scientific toy which 
IS outwardly more attractive than usefiU. In deciding which 
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is the best system for distribating sewage^ two thin^ should 
be kept in view, the first is that jol arrangements for its distri- 
bution should be as simple and inexpensive as possible ; and the 
second is that, owing to the constant quantity of sewage to be 
dealt with, the arrangements must be capable of being worked at 
all times and seasons. Although in many cases it may be ne- 
cessary to use a limited number of pipes for the purpose of con- 
veying sewage to its destination, yet if it is possible to introduce 
a system that will be equally eflFective with another system, then 
the cheapest system must take the first place. In all cases in 
which water has to. be forced through small pipes, a certain 
amount of force is expended in overcoming the friction in the 
pipes ; to this must be added, in the hose and jet system of dis- 
tribution, the necessity of having sufficient pressure in the water- 
mains for distributing the water over the field at a considerable 
altitude above its surface. Now probably 10 ft. of pressure is 
the least that would be required beyond that necessary for 
overcoming the resistance of the water passing through the pipes 
for the purpose of distributing it over the surface of the land by 
the hose and jet system. Now in the case of pumping, this extra 
head of water gives an increased power to be maintained ; in 
fact, the expenditure of fuel may be said to be proportionsd to 
the height, and as in the case of the hose and jet system of 
distributing it will always be necessary to raise the sewage to a 
higher level than the land itself, this system cannot be so econo- 
mical as one in which the sewage would only require to be 
raised to the height of the land. The fatal objection to the 
hose and jet system lies in its not being capable of application 
at all seasons. In a field in which sewage is proposed to be dis- 
tributed by hose and jet, valves are arranged at suitable distances 
apart, to which the hose is attached, and this hose has conse- 
g[uently to be dragged over the surface of the land as the sewage 
is being distributed ; consequently this system is quite inadmis- 
sible when the crop has grown to any considerable height, 
for if the hose has to be dragged over the growing crops, it 
would tend greatly to injure them ; apart from this, in principle 
the distributing of liquid manure over the plant is wrong, as for 
the purposes of the plant the fertilising matter is required at the 
root, and not to be squirted over the plant. Indeed this indis- 
criminated istribution of sewage over a plant is attended with 
injury to the plant and a loss of fertilising matter. It injures 
the plant, because when the matter deposited on the plant evapo- 
rates it leaves a sedimentary deposit on the leaves, which tends 
to choke the breathing pores of the plant and also to give agrittj 
quality to the produce. To counterbalance these objections, it 
Jias been proposed not to apply the sewage during the latter 
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period of the growth of the plant ; but if this were done, the 
result would prove detrimental to the plant, bebause a plant habi- 
tuated to an excess of moisture, if that moisture is suddenly and 
completely withdrawn the plant must Suffer. 

IMstribtttion by open Carriers. — ^Fbr the purpose of carrying 
out this system, the sewage may, if desirable, be brought to the 
head of every field in a covered channel, afterwards to be dis- 
tributed by open channels or carriers. This system, which is the 
simplest and most effectual, may be carried out in various ways 
according to the configuration of the land. By this mode of 
distribution sewage can at all times be applied to the plant, for 
the sewage never comes in actual cohtact with the plant itself, 
it merely runs in a thin film over the surface of the ground at the 
root of the plant ; the result is that the sewage may be applied 
during all stages of the growth of the plant up to the time of 
cutting the crops, and it only need be withdrawn from the land 
during a very limited period previous to the time of cutting the 
crop. In carrying out this system, it is absolutely necessary to 

1)repare the land for the reception of the sewage by carefully 
evelling it, so that no holes or uneven places may exist. An 
uneven place will certainly retard the flow of the sewage ; and if 
the sewage should be allowed to stagnate owing to any unevenness 
in the ground, it will effectually destroy instead of promote the 
growth of the crop. This system of irrigation is carried out in 
three ways, according to the contour of the land. The first plan, 
and probably the best, is called the pane and gutter system, and 
is admissible in all fields having a gentle rate of inclination. 
Under this system the land is laid out transversely between the 
open carriers that distribute the sewage quite level, the sewage is 
brought to the head of the field in an open or covered main 
carrier running transversely across it^ Or in the direction of its 
least fall, the carriers for distributing the sewage branch out 
from the main carriers and run down the field in the direction 
of its greatest fall; the sewage is distributed over the inter- 
vening space between the distributing carriers by means of stops 
being placed in the carriers, which dam back the sewage and make 
it flow right and left over the ground in an uniform stream ; these 
stops are removed two or three times a day, according to circum- 
stances. The second plan is called the catchwork system. It is 
suitable in all cases where the ground has a rapid rate of inclina- 
tion, as for instance on the side of a hill. The plan consists of a 
series of carriers one above another; the sewage, flowing into 
the first and highest carrier, falls over the intervening land 
between it and the next lower carrier, which carrier receives the 
water and takes it up to redistribute it in the same way on the 
land below it, and so in turn the process goes on till the bottom 
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of the field is reached. The carriers on this system run in con- 
tour lines round the hills^ and are nearly leveL The third plan 
is the bed system. This system is well adapted for level lands, 
or land having but slight fall ; on this plan the land is laid out 
in a series of ridges and furrows, the sewage is brought on the 
top of the ridge and falls to the furrow. This arrangement, even 
in a country on a dead level, will give an artificial fall for the 
sewage, and guard against that stagnation which must be avoided 
in all works of this class. This system of open carriers, differing 
from the hose and jet system in the simplicity of distribution, 
would, in the case of pumping, only require the sewage to be 
raised to the level of the land ; with this system the expenses of 
distributing it are small) as one man can with great ease more 
effectually irrigate in the same time ten times the same area 
he could under the hose and jet system. A modification of 
this system, but nothing like so good a plan, has been projected, 
and the sewage is proposed to be distributed by open wooden 
troughs ; this modincation of the system is subject to the same 
objections as evety system requiring an apparatus to be moved 
about in the growing crop. 

frnffation by Subfnersion, — ^Although the previous system may 
be said to be submersion, vet not to the extent or in the mode 
adopted in this system. This system is extensively carried out 
in [Piedmont and Lombardy in the cultivation of rice, and, unlike 
any other system, it is the only system of irrigation that is con- 
sidered likely to affect the health of the inhabitants in the imme- 
diate neighbourhood of its operation. The special drawback to 
this system is due to the stagnation of the water, in fact, to the 
conversion of every field where it is practised into a swamp of 
the worst possible description ; it differs from the ordinary irri- 
gation System as much as a rippling stream can differ from a 
swamp ; the OTie is considered innocuous, the other deadly. The 
mode ill which the system is carried out is by raising a bank 
round the field to be irrigated, turning the water into it ; the 
water is left in this position to be evaporated, and from time to 
time it is re-supplied with water. All the information that has 
been collected on the Continent, and likewise in India, where the 
cultivation of rice is carried on by this system of irrigation, goes 
to show that it is prejudicial to health, although with better 
means of drainage it is thought the condition of things may be 
greatly ameliorated. Yet in those same counties where irriga- 
tions on the other system have been and are most extensively 
carried out, no ill results can be traced to them ; hence laws that 
restrict the cultivation of rice within certain limits of towns are 
extremely favourable to irrigation of the nature required for the 
utilisation of sewage. Although it is not likely that this system 
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will be generally adopted for the purpose of utilising town sewage, 
yet in some cases it might be applied for manuring land, although 
very great care would nave to be exercised in the selection of the 
places where it is to be carried out. 

Selection of Crops to be Cultivated by Sewage. 

As sewage is a manure that is produced at all times and sea- 
sons, and as it would be impossible to store it with advantage for 
use at particular seasons, it is obvious that some care must be 
taken in the selection of the crops best suited for its application, 
because although the constituents of sewage may be very favouiv 
able for the cultivation of some description of crops, yet those 
very crops may be unsuited, as is often found to be the case, for 
the reception of a large amount of water. Thus the cultivation 
of wheat would be unsuited for the constant and direct applica- 
tion of sewage, although the fertilising elements of sewage would 
be a very proper manure for its cultivation ; but inasmuch as 
the presence oi water induces the plant to run to straw, we should 
get a heavy crop of straw and probably but little grain, and more- 
over the plant would be unable to stand and ripen. In arriving 
at the best description of crop suited for the purpose, we cannot 
do better than consult the authorities in those places in which 
irrigation on a large scale has been carried on for many years. 
Thus the irrigators of Piedmont and Lombardy have found that 
marcite is the proper crop for cultivation. Now, this marcite is 
a mixture of Italian rye-grass and clover. The experience in this 
country also goes to show that Italian rye-grass, of all other crops, 
is the best suited for the purpose ; indeed observation would lead 
one to conclude that grass in some form is the only crop generally 
admissible when w- e have to deal with large quantities of water ; 
for if we take the distribution of rainfall in this country into 
consideration, we invariably find that those districts in which the 
largest rainfalls take place are grass-growing coimtries. Of all 
grasses up to the present time our experience shows that none 
nave been found equal to Italian rye-grass, as what is required in 
the crop is that it shall be capable of growing rapidly when the 
elements of fertility are presented to it. Many grasses are 
naturally of slow growth, consequently are not so well suited for 
utilisation of sewage as a crop that grows more rapidly ; but it 
must not be supposed that because a crop grows rapidly that that 
crop is naturally of an inferior quality ; for we find that in the 
poorest pastures, where the rate of growth is the slowest, the 
(quality of the herbage is the lowest, whereas on the other hand, 
in good and rich pastures the rate of growth is rapid, and the 
quality of grass is good ; therefore as far as experience goes, 
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quickness of growth would rather tend to establish the goodness 
of the crop. 

Although it has been mentioned that wheat and other crops 
are unsuited for the direct application of sewage, yet they can 
be grown by sewage in an indirect manner ; for it so happens 
that the constituents of grass and the constituents of sewage do 
not exactly correspond ; out the excess not required is not lost, 
but is stored in the earth for use when required. It also 
happens that in the cultivation of rye-glass the plant dies out in 
three years if not regularly re-sown , and to get the best result it 
should be ploughed up every third year, and when it is ploughed 
up prior to being laia down again an intermediate crop may be 
taken without the application of sewage, thus using up the con- 
stituents of sewage that had been stored in the ground in pre- 
vious years during the cultivation of the grass. Mangold-wurzel 
and beet have also been grown with sewage with great advan- 
tage. 

Results of Utilisation. 

The great result to be arrived at in the utilisation of sewage is 
the prevention of the fouling of rivers ; in short in the purifica- 
tion of the sewage before being turned into any stream ; and 
upon this head the results are most satisfactory. 

In the case of Croydon, the sewage of that town, after being 
utilised, is positively purer than the water supplied by some 
of the metropolitan water companies. 

In round numbers, the following figures will show the 
result : 

Water supplied to towns ... 21 gr. per gallon 

Sewage 39 „ 

Ditto after utilisation .... 23 „ 

and although there are but 2 gr. per gallon in excess in the 
sewage after purification of what there was originally in the 
water as supplied to the town, yet this excess must be reduced, 
for the drainage water represented a much larger volume of 
sewage ; for in passing over the land a quantity of water is eva- 
porated, which tends to condense the impurities that remain. If 
this result is contrasted with the results given by any process of 
precipitation of deodorisation, it will be at once seen how utterly 
fallacious it is to attempt to deodorise sewage. Indeed, there 
are few processes of precipitation that do not give a return per 
gallon of total constituents even greater than that possessed by 
the sewage before treatment, although the matter may be some- 
what less objectionable in form ; and moreover there is no pro- 
cess of precipitation that will precipitate ammonia directly from 
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water, for the simple reason that there is no form in which 
ammonia is insoluble in water, and to precipitate any substance 
it is necessary that for the time it should be Insoluble. The 
results of the application of sewage, in an a^icultural sense, are 
also equally satisfactory; indeed it is surprising what enormous 
crops are produced under the influence of sewage, and the great 
difficulty is what to do with the crops; they grow so rapidly, and 
the yield is so large, that it upsets all the preconceived notions of 
farming. Indeea the only way in which sewage ^ass can be 
dealt with with certainty is the means of making it artificially 
into hay, and this the author has succeeded in doing, f^d is now 
about to submit the process to the test on a large scale. The 
Eoyal Commissioners who were appointed to inquire into the 
various matters appertaining to the utiUsatioD of sewage have 
made a great number of experiments on the growth of grass 
with sewage, with the following results : 

Quantity of ordinary meadow grass grown per acre at Rugby, 
being the average of three years : 







Sewaged at the 


Sewaged at the 




Noa.sewaged. 


rate of 3000 tons 


rate of 6000 tons 






per acre. 


per acre. 




Tns. cwt. qr. lb. 


Tns. cwt. qr. lb. 


Tns. cwt. qr. lb. 


Grass 


.9 24 . 


. 22 5 2 7 . 


. 80 6 2 6 


Hay 


.8034. 


.5136. 


6 15 1 98 



Sewaged at the rate of 9000 tons per acre : 
Tns. cwt. qr. lb. 
Grass . . 32 12 15 
Hay .. 6 9 1 24 

The quantity of Italian rye-grass grown on the well-sewaged 
fields at South Norwood during the last year was over 50 tons 
to the acre ; under ordinary circumstances, 40 tons to the acre 
may be reckoned upon ; and as at Croydon this grass is worth 
17s. to 20s. per ton on the farm, the value of an acre of pro- 
duce may be estimated at from 30/. to 40f. As to the quality 
of sewaged grass, the Boyal Commission have arrived at the 
following simple conclusion, after a great number of experi- 
ments : '^ That in both milk and increase, but especially milk^ 
a given weight of animal was more productive when fed on 
unsewaged tuan sewaged grass, and that a given weight of 
fresh unsewaged grass was more productive than an equal 
weight of fresh sewaged grass; but that a given weight of 
dry or solid substance supplied in sewaged grass was more pro- 
ductive than an equal weight supplied unsewaged." Hence it 
would follow that hay made from sewaged grass has much 
better feeding and milk-producing qualities than hay made from 
unsewaged grass. 
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The following figures will show the len^h of the respective 
crops of Italian r^e-grass grown at South Jforwood during last 
year: 

Length jn inches. 

Ist crop . . . , 35 

2nd do 40 

3rd do. . . , . 42 

4th do 32 

5th do 24 

6th do 14 

Win., or ] 5 ft. 7 iu. 
QUAKTITISS OF SewAGB APFLIOABIiS TO LaND. 

The quantity of sewage that may be applied with advantage 
to an irrigated area in the course of the year has been the sub- 
ject of much controversy. Probably the fairest way to arrive at 
the amount of sewage that is reauired is by computing the 
total amount of the constituents of tne crops cultivated, as it has 
been shown elsewhere that grass is the only crop that is fitted for 
the constant application of sewage. If we calculate the amount 
of sewa^ necessary to produce the 30, 40, or 50 tons per acre 
of grass, the amount that is annually grown on an irrigated area, 
we shall get a correct result. Baron Liebig has shown that if 
the soil is pure sand, and if the sewage is intended to supply all 
the constituents requisite for the growth of the plant, 2430 tons 
of sewage would be required to produce 4 tons of hay. If, how- 
ever, the soil is rich in potash, so as to yield half the potash re- 
quired by the plant, then 1225 tons wiU suffice to grow 4 tons 
of hay. As the amount of bay that would be produced on an 
irrigated field is much in excess of the 4 tons Baron Liebig 
assigns to it in his calculation, the amount of sewage he estimates 
that can be used on a given area will be proportionately greater. 
If it is considered desirable to apply as mucli sewage as will be 
sufficient for the growth of the plant without drawing on the 
resources of the soil, and as 1 ton of irrigated grass wQl make 
4 cwt. of hay, it is obvious that to grow 30 tons of grass 3645 
tons of sewage per aci'e per annum will be required, 40 tons of 
grass will require 4860 tons of sewage, and 50 tons of grass will 
requu'e 6075 tons. If, however, the soil will provide half the 
potash required, then, to grow 30 tons of grass per acre, 1837 
tons of sewage will be required ; 40 tons of grass per acre, 2460 
tons of sewage; and 60 tons of grass per acre, 3062 tons of 
sewage will be required. As 40 tons or grass per acre may be 
considered as easy of production on a properly regulated irrigated 
area, and as it would not be desirable to exhaust the soil of any 
of its constituents, 4860 tons per acre may be said to be the 
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right amount of sewage required; that is, assuming that sewage 
is of the same strength as the dry-weather sewage of London. 
Now, as the dry-weather sewage of a population may be com- 
puted from the water supplies, it will be well to reduce the 
quantity of sewage applicable to an acre to the standard of the. 
number of persons producing it, because as sewage becomes 
more diluted, a larger amount must be applied to get the same 
result. It may be taken as nearly correct, that the dry-weather 
flow of sewage of London is about equal to the supply of water, 
which at 30 gallons per head per day of the population would 
give 48*88 tons per annum, or, according to the previous calcular 
tion, an acre of ground will require the sewage of 100 persons 
in order to grow 40 tons of grass. This calculation entirely 
accords with our experience at Croydon ; and it also agrees with 
the experiments made by the Sewage Commission, who arrived 
at the conclusion that 5000 tons of sewage per annum is the 
right amount to apply in order to get the greatest results. 

Sanitary and Public Health. 

As the experiments that have been made with regard to the 
utilisation of sewage by its direct application to land have become 
more or less successful, objections nave been urged against the 
system by those who stiU cling to the exploded and unsuccessful 
system of deodorisation, or are too careless or indifferent to 
thoroughly investigate the subject for themselves. The last 
and probably the great stand that the opponents of the irriga- 
tion system now make is on the score of its being prejudicial to 
the health and lives of those living in the neighbourhood of the 
works. However much may be urged against the system, if the 
objections are not founded upon truth, they cannot stand. We 
all know how difficult it is to establish a new invention, for we 
are naturally averse to change, and an innovation arouses many 
a champion for the conflict who would otherwise have been 
content to go on quietly in the course he was treading, had it 
not been that his favourite ideas and notions were assailed, 
ideas and notions he may have long cherished, and which he 
cannot very willingly forego. Every invention or innovation 
that will not bear the closest and strictest investigation must 
fail when subjected to the scrutiny of its opponents ; but if an 
invention is of any worth, the more its merits are discussed, the 
more will its latent virtues become apparent, until at length it 
will establish for itself a sure footing. Such will be the fate of 
the system of utilising sewage; the more it is discussed and 
criticised, the more apparent will its advantages become. Its 
simplicity will commend it, and the results it Drings about will 
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demand our attention. That sewage may be utilised without 
prejudicing the lives or the health of those living in the neigh- 
Dourhood of the works has been proved by the past and present 
experience at Croydon and other places in the country ; more- 
over, we have the testimony of the irrigators of Piedmont and 
Lombardv that irrigation, such as is practised in utilising sewage, 
can and is carried out to a large extent with great pecuniary 
benefit, and without any ill results on the public health. The 
malaria arising from swamps and such-like areas, produced by the 
periodic decay of vegetable matter, does not exist in utilisation 
of sewage, although it does exist in the system employed in the 
cultivation of rice : hence we must be careful in arriving at con- 
clusions in districts in which irrigation is carried out to establish 
the description of irrigation practised. In Piedmont, Lombardy, 
Northern India, and other places, it is universally allowed that 
the cultivation of rice is certainly prejudicial to health, yet in 
these same countries it is by no means established that the system 
of irrigation as practised in the utilisation of sewage is detri- 
mental to public health ; indeed notwithstanding the unfavourable 
nature of the climate, it is considered that the system is and can 
be carried out without prejudice to the public health. Hence 
the laws affecting the suDJect of irrigation in Lombardy prohibit 
the establishment of rice irrigation within five miles of the 
capital of the kingdom, and three miles from first-class towns ; 
but the same laws allow the cultivation of Italian rye-grass and 
clover bv irrigation within 1100 yards of the capital, or within 
530 yaros of Srst-class communes ; and moreover so favourably 
is tins system of irrigation looked upon, that while the laws re- 
lating to the irrigation of rice are maintained in full force, the 
laws relating to 3ie irrigation of marcite — ^Italian rye-grass and 
clover — are allowed to lapse, and persons do now carry on this 
description of cultivation without let or hindrance of any kind. 
Captain Baird Smith, in his work on Italian irrigation, gives the 
following opinion, which is of value as bearing on the question 
of irrigation with sewage: '^I may briefly give some details 
which seem to me to justify the non-interference of the Govern- 
ment in the case of marcite and common meadow irrigation. 
Why indeed the latter should have ever been interfered with 
at all seems to me difficult to understand. The meadows are 
watered once a fortnight usually. The quantity of water thrown 
upon them is equal in its effects to a heavy shower of rain, but 
scarcely more. Means of efficient drainage are invariably esta- 
blished under the best guarantees, the guarantee of self-mterest 
in the valuable surplus waters or colature ; stagnation of water, 
even for a very limited time, is rigidly guarded against as an 
imperfection most injurious to the crop. With such provisions 

n 
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and precautions, it is impossible to conceive irrigation can be 
miscnievous to health, and the idea that it is so seems to be uni- 
versally abandoned." 

It must be recollected, in a field irrigated with sewage that 
there is no tendency to putrefaction : 1st, because matters only 
in solution should be permitted to flow over the land, and any 
tendency to gaseous exhalations is instantaneously stopped by 
the absorbing properties of the soil ; 2nd, the state of vegetation 
is always one of vigorous growth, there is consequently not any 
tendency for the crop to decay. From the statistical returns 
of Lombardy, it appears that the Government are fully justified in 
refraining from any interference with the process of irrigation, 
as carried on in the cultivation of marcite, or in common 
meadows, as public health has been found to be so little afiPected 
by it. In the neighbourhood of Milan, marcite is cultivated 
very largely with the sewage of that city, but without any ill- 
result to its inhabitants ; but at Croydon it has been said that 
the result has been found prejudicial to health — upon what oc- 
casion it would be difScuit to say. It may be said that the 
adversaries of the svstem wished it to be so, and the thought 
became realised, Croydon was the first town to adopt and 
caiTy out the Public Health Act of 1848 ; it was the first town 
to adopt the tubular-pipe system of drainage — a system that has 
completely revolutionised the whole system of drainage, through- 
out the country ; and Croydon was the first town since the in- 
troduction of the Public Health Act to adopt the process of 
utilising its sewage after giving every conceivable plan of deo- 
dorisation a fair and impartial trial. 

Although Croydon has stood out foremost in furthering the 
cause of sanitary science, its very prominence has brought upon 
it the attacks of all those who did not agree with the systems 
introduced, and they made Croydon the battle-field to deter- 
mine the questions at issue. I*ipe sewers were attacked and 
condemned, yet in spite of the condemnation passed on them 
year by year, greater numbers are manufactured, and the 
system is nearly universally adopted. It cannot be overlooked 
that as Croydon was the pioneer in the track in which many 
towns have followed, and in which they must still continue 
to follow, of necessity many imperfections must exist in the 
early works; and this circumstance, while it has been foi>- 
tunate for the country at large, has been unfortunate for 
Croydon itself, other towns having profited, and still profit- 
ing, by its experience. One of the great errors committed 
in the early works was the too small size of some of the 
main sewers. Another was the want of sufficient ventilation of 
the sewers, and these two causes, acting in concert at a recent 
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period, tended to conduce to an unhealthy state of things, which 
the opponents of utilisation at once, and without a moment's 
reflection, ascribed to the irrigation areas; but the districts 
affected told their own tale as to the cause, as they were the 
highest and best in the town, and at the heads of the sewers, 
and were the farthest removed from the irrigation fields, being 
upwards of two miles from the nearest imgation area; anc^ 
moreover, during the prevalence of the disorder referred to, 
the wind was blowing from a direction opposite to that which 
would have *had any tendency to have wafted any vapour or 
odour towards the town. 

Again, the most careful inquiry was instituted in order to ascer- 
tain if the inhabitants, living in the immediate neighbourhood 
of the irrigation areas, suffered at all from any particular disease, 
and the result showed most conclusively that the whole popula- 
tion in the vicinity of the inigation works was perfectly healthy ; 
in fact, the only case of disease that could oe found was an 
isolated case of whooping-cough. At South Norwood, irrigation 
works have been established eighteen months. These are very 
important works, for they may be said to be a test upon the 
health of the neighbourhood, as they are within a few hundred 
yards of the town ; but the following Tables of mortality in Nor- 
wood will show most conclusively that never has Norwood had 
such a favourable rate of mortality as during the last year, or 
the year in which its sewage has been utilised ; and what is more 
remarkable is this, that Croydon has had generally to complain 
of its mortality being swelled by the mortality of Norwood; 
but during the last year the tables have been reversed, and the 
mortality of Norwood had a tendency to lighten the average 
rate of mortality of Croydon, instead of, as in former years, to 
be a burden to it. 

Mortality Tables. 



DateB. 


Town districts 
of England. 


Croydon parish. 


Norwood only. 


1860 


25-43 
26-39 


16-63 
18-00 
18-48 
20-49 
20-97 
21-26 
20-04 


' 18-35 


1861 


No. taken out 


1862 




1863 


21-84 


1864 




1865 


18-17* 


1866 


1513* 







Years of utilisation of sewage. 



H 2 
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Schedule of Towne in which the Sewage w fnore or leu utilieed. 



Names of Places. 


Population. 


Number of gallons 
per day. 


Acrae 

under 

irrigation. 


Aldershott camn 


14,000 
6,000 

30,030 
50,000 

21,000 
36,000 

180,000 

2,200 

10,500 

10,000 

1,400 
4,000 

a 

8,000 

2,000 
8,000 
1,200 
6,000 


soolooo 

15,000,000 

»f 

Expenmenting 

843,000 

1,000,000 

Two to five millions 

»» 

400,000 

. »> . 

Expenmentmg 

4,000 

6,000 

Experimenting 

Proposed to irrigate 

80,000 to 200,000 

Proposed to irrigate 

»» 
Proposed to irrigate 

700"000 


250 


Alwick, Gannoni^te 

Bingley, Yorkshire 

Birmingbam 

Braintree 

Burv St. Edmunds 


350 to 400 

30 to 40 

130 

20 


Carfisle 

Cheltenham 


80 
120 


Croydon 

Edinburgh 

Hopwood 

Leek 

Mansfield 

Melton Mowbrav 


360 

it 
6 
130 

400 


Alilverton 


4 


Mold 


6 


Nottingham 




Oswestry 


300 
400 to 500 


St. Thomas, Exeter 

Swaffham 


150 
5 


Tavistock 


90 


TJckfield 


4 


Worthing ••••• • 


40 







DISCUSSION. 

Mr. H. P. Stephenson auite aOTeed with the author as to 
the value of sewage, which lie used himself for the production 
of flowers and vegetables. Perhaps Air. Latham had spoken a 
little too strongly of Croydon as the pioneer in sewage. Great 
errors had been committed there in the early stage of the pipe- 
sewage system, and in many instances the sizes of the pipes 
were really absurd. While engaged with the late Mr. William 
Ranger, of the Board of Health, the whole of the sewage of 
Dai'hngton was designed, under his directions, to flow into an 
outfall pipe. He had no doubt that it was owing to the preva- 
lence ot small-pipe sewers that what was known in Croyaon as 
the black fever had visited the town. He did not think that 
Mr. Latham was right in attributing the visitation of last year 
to the higher pai'ts of the district, fi generally took the lower 
parts, and he viewed it with a certain amount of anxiety, on 
account of the large masses of sewage which were thrown upon 
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extended areas. Probably Mr. Latham was correct in attributing 
the fever to the improper ventilation of the sewers. 

Mr. Morris asked Mr. Latham if he could furnish the 
Society with a detailed chemical analysis of the water supplied to 
the town, and of the sewage water after it passed from the land in 
a deodorised state? Although it was stated that twenty-one 
grains per gallon was the amount of the impurity in the water 
supplied to the inhabitants, and twenty-three grains pel* gallon 
the amount of impurity in the water as it passed off from the 
trenches after irrigating the land, that gave a very faint notion 
of what the chemical character of the purification was. 

Mr. Olrick said he was disappointed in the paper, not as 
regarded its merits, but its subject, as last year Mr. Latham 

f remised a paper on the filtration of water, and when he (Mr. 
)lrick) heard the announcement that Mr. Latham was going 
to read a paper he naturally thought it would be on pure 
water, instead of which it was on £rty water. At the early 
stages of the drainage of Croydon there were mistakes made 
which looked very curious at the present day, and were certainly 
curious samples of amateur sewage engineering. The first 
crockeiy pipes that were laid, broke and leaked ; then, as the 
paper stated, they were replaced by pipes made of thin plastic 
clay or puddle, which were also inefficient. Then a thick tube 
of brickwork was put round the clay. This plan succeeded in 
carrying away the sewage, but it also succeeded in poisoning 
the river Wandle, the exhalations of which were very injurious 
to the town. The fish in the river were destroyed, and tne sur- 
rounding vegetation was much deteriorated. The soil in the 
neighbourhood became very poor, simply for want of manure. 
Many cases of disease were directly traced to the accumulation 
of refuse, the contamination of the river by the sewage, breathing 
foul air, and drinking foul water. That the contamination of 
rivei*s and wells was very injurious could be seen from the ter- 
rible effect produced by certain pumps in London during the 
last visitation of the cholera. It was well known that the water 
from the pumps in London was used by the inhabitants living 
around them, and among some of these groups of people the 
mortality was so great that it could not be ascribed to anything 
but the impurity of the water obtained from the pumps. A lady 
residing in Soho, where the mortality was very great, removed 
to a very healthy district, but she continued to send every morn- 
ing to the Soho pump for a supply of water ; and the conse- 
quence was that she was attacked oy cholera, and hers was the 
only case of the disease in the neighbourhood to which she had 
removed. At Oxford, Kingston, and Leicester the sewage was 
fleodorised by means of lime, which purifies the water and pre- 
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vents the sewage being a nuisance, and there are now plenty of fish 
and fruit whicm were previously poisoned ; but the sewage was 
of no commercial value as manure on account of its containing 
lime. What system of disposing of sewage would be applicable 
to London, was a question difficult to answer. There were not 
many places which possessed such facilities for the application of 
sewage to the purposes of irrigation as Croydon and Edinburgh, 
for no ptmips were required to assist in the distribution. At 
Bugby, W aterford, and CarUsle it was dealt with in the same 
way as at Croydon ; but pumps had to be used, and a large 
amount of capital had been invested in constructing the neces- 
sary machinery. A very important step had been taken as to 
the sewage of London, in the construction of the main drainage 
works ; but the great point to be settled was the utilisation of the 
sewage after being conveyed to the outfall; for at whatever 
state of the tide the sewage might be discharged into the river, 
no doubt a portion of it would he carried back towards the me- 
tropolis. It might be pumped to some elevation, and then run 
down by gravitation, and be supplied to the farms of Essex, 
where no doubt it would be very acceptable. While London 
had spent three millions in getting rid oi its sewage, Oxford and 
Kingston continued to discharge their sewage into the Thames, 
and thus fouled its water before it reached London. The commer- 
cial part of the question of sewage irrigation would no doubt 
always be present to the mind of the farmer. To dispose of the 
sewage of an immense city like London it might be necessary 
at first to give it away for use on the land until the farmers 
became thoroughly aware of its value. 

Mr. Reeve said lie believed that the last epidemic at Croydon 
was attributable to the drains not being trapped, and their ven- 
tilation through rain-water pipes. 
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April 16thy 1866. 

A. WILLIAMS IN THE Chaib. 

ON THE UTILISATION OF SEWAGE. 

By Baldwin Latham. 

adjourned discussion. 

Mr. Baldwin Latham commenced the discussion by givin 
a short history of drainage, stating that considerable care seeme( 
to have been exercised by the founders of the ancient cities of 
the world in order to ensure their effectual and eflScient drainage. 
Sewers of large size were constructed, evidently to serve tnc 
purpose of carrymg away all filth from within the cities them- 
selves, and very probably also as a means for carrying on an 
offensive warfare against a besieging foe. Carthage and Alex- 
andria were sewered. All the cities founded by the Bomans 
were sewered and well supplied with water, but it does not 
appear that the refuse or cirainage was used or turned to any 
useful account, although it is improbable that in a country like 
E^prpt, in which irrigation appears to have been practised long 
before the dawn of nistory, tnat they would permit the waters 
flowing from their cities to go to waste. In China, irrigation 
has been practised from remote periods, and the f aBCsJ matter of 
the people seems to have been ngidly preserved and generally 
used in connexion with the system of irrigation, although we 
have no example of a town or city having been sewered and its 
sewage directly applied to the land. As our sanitary science in 
a great measure is based upon the principles propounded in the 
judicial law, it will be well to inquire into the nistory of sanitary 
measures among the Jews, in order to ascertain the precise 
measures that were adopted by that nation for the disposal of 
faecal matter, and also to throw some light on the question of the 
disposal of sewage. So long as the Jews as a nation lived in 
tents and had constant opportunity of moving about from place 
to place, they had no difficulty of dealing with fascal matter ; 
hence we learn it was deposited in the ground, or, in other 
words, was deodorised by the admixture with earth. When the 
Jews no longer lived in tents, but began to inhabit houses in 
cities and towns, a new state of things was brought about, an d 

Digitized by LjOOQ IC 



104 THE UTILISATION OF SEWAGE, 

the same facilities could not be afforded them of dealing with 
faecal matter as existed in their more primitive mode ot life ; 
but yet, in order to carry out their religious obligations and or- 
dinances, it was absolutely necessary that they should adopt 
some method that must have been successful in disposing of the 
sewage of their towns. 

From the light that within the last few years has been thrown 
by the discoveries of men of deep research into the ancient con- 
dition of Jerusalem, we learn that that famous city had an 
abundant supply of water and was well provided with capacious 
sewers, and, moreover, that the sewage was utilised. 

From Dr. Whitt/s excellent wort on the water supply and 
sewerage of Jerusalem we learn that ^^Eusebius, who was a 
native of Palestine and died there about the year 340,*' " thus 

3 notes Timocrates, the surveyor of Syria, when writing of 
erusalem :" " The whole city flowed with water, so that even 
the gardens were irrigated by those overflowing waters out of 
the city." 

Dr. Whitty, further quoting from a paper by theEev. George 
Williams, B.i)., Senior Fellow of King^s College, Cambridge, 
upon recent discoveries of Dr. Pierotti : " The situation of the 
Temple appears to be fixed beyond all possibility of doubt by 
the recent discovery by Signer Pierotti of the complete water 
system connected with the Hebrew Temple still existing as entire' 
as when it was in daily use during the period of the Jewish 
Commonwealth. The perfect preservation of this complicated 
system of aqueducts, drains, and reservoirs is owing to the fact 
tnat thev are excavated in the solid rock, and therefore have not 
been atfected by the demolition of the structures above, except 
80 far as they may have become partially blocked up by the 
accidental falling in of the debris of the ruined buildings." 

"Had history been silent on the subject, yet we should 
have been forced to conclude that there was a very complete 
system of sewerage connected with the Temple, introducing a 
large quantity of water to dilute the blood wnich would other- 
wise have a tendency to coagulate, and carrying off the blood 
and offal from the sacred precincts," " This, history tells us, 
was actually the case ; and the supply of water was so 
managed as to flush the whole court, ana carry off the blood of 
the numerous sacrifices." The drains leading from the Temple, 
and probably from the city, discharged themselves into a pit, 
" which is now called the Fountain of the Virgin," and which 
communicates, by means of a channel in the rock, with another 
pit now traditionally called the Pool of Siloam, but which, there 
]s every evidence to show, is not the true Pool of Siloam. 

^< It is a necessary consequence of the Fountain of the Virgin 
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having been originally a cesspool, and, if that be admitted a fact 
incapable of being controverted that the Pool of Siloam (now 
so called) was likewise a cesspool, formed for the purpose of 
receiving the liquor from the upper cesspool in order that the 
manure m it might become sufficiently desiccated to be in a fit 
state for removal by the gardeners who purchased it^ and that 
the tunnelled conduit was that through wnich the moisture was 
drained off into the lower cesspool or fiquid-manure tank." We 
find from the Mishna: "There was a certain cave beneath the 
altar wherebv filth and uncleaimess were carried down into 
the Valley of Kidron, and the gardeners paid so much monejr 
as would purchase a trespass-oflfering for the privilege of ferti- 
lising their gardens with it." The hquid matter, after leaving 
the traditionary Pool of Siloam, was then used, as it is at the 
present day, for the purpose of irrigating the king's gardens. 
From this description of the outfall works of the sewerage of 
ancient Jerusalem we learn that the sewage was collected in 
tanks, the solid matter was removed from it and sold, and the 
liquid was afterwards used for the purpose of irrigation, which 
plan is identical with the plan in operation in Croydon at the 
present time. In the latter part of the twelfth century we learn 
that the system of sewers m operation in Milan was greatly 
improved and extended, and the sewage was collected and dis- 
charged into the Vettabia and was afterwards used for irrigation, 
and has been continued to be used, with great success, up to the 
present day. 

On the meadows of Edinburgh sewage has been applied for 
upwards of a century with great pecuniary advantages ; indeed, 
worthless land has been turned into the most fruitful, thus effeo- 
tuallv showing that the application of sewage for unlimited periods 
can \)e carried on without injuring good land, as has been sug- 
gested in the case of some of the land under treatment at Rugby, 
because it must be quite clear that if the application of sewju^e 
has a tendency to improve the poorest land, it is impossible for 
it to injure good land : so that if any land at Rugby was 
injured, as it was supposed to be, by the application of sewage, 
it is due to some error in the system adopted, and very probably 
the error lies in the limited amount of fertilising matter supplied 
to the land, as the influence of a moderate application of water 
to land has no exliausting effect on the soil (which, b^ the way, is 
exactly the result you would expect), because if a given amount 
of produce is annually taken for land, and an equivalent in ferti- 
lising matter is not supplied under the stimulating effects^ of 
water, you naturally must expect that the land will be im- 
poverished. 

At Croydon, the local boarcl commenced its public duties in 
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September, 1849, and forthwith commenced to organise a scheme 
for the drainage and water supply of their district. Professor 
Donaldson was the first person consulted on the subject, and 
Mr. J. Cox, the surveyor, was afterwards associated with him ; 
and on the 27th of November, 1849, the joint report of Messrs. 
Donaldson and Cox was received. In January, 1850, an appli- 
cation was made to the late General Board oi Health for sanc- 
tion to borrow the money required for the works. Some delay 
occurred in procuring the sanction, as plans, details, and esti- 
mates were required to be submitted to the General Board's 
inspector; but on the 5th of February, 1850, the General Board 
appointed Mr. Ranger, at the request of the local board, as their 
inspector, and on the 16th of April, 1850, Mr. Ranger, acting as 
inspector, required the local board to determine upon the meUiod 
intended to be adopted to get " rid of the sewage / but as nothing 
seems to have been settled upon this point, and, after a con- 
ference with the local board, Mr. Ranger, the inspecting en- 
gineer for the General Board of Health, was appolntea consulting 
engineer by the Croydon local board, and shortly afterwards 
the General Board sanctioned the borrowing, on the part of the 
town of Croydon, the sum of 32,965/. for the purpose of drain- 
age and water supply. Soon after the drainage was proposed to 
be carried out, the local board were inundated with tne offers of 
different persons to take the sewage from them. Some of these 

f)ersons proposed to take the sewage for the purpose of irrigating 
and, while others proposed to manufacture it into manure. The 
first actual example of the application of sewage in Croydon 
occurred before tlie works of drainage were completed, and it 
arose from the condition of an offensive ditch which the local 
board were called on to remedy ; but as there was no mode of 
dealing with it, C. W. Johnson, Esq., F.R,S., the then and the 
present chairman of the local board, proposed to take this 
offensive matter on to his own ground, with what result the 
numerous valuable experiments he has made, and which have 
been before made public, bear testimony. The plan proposed 
by Mr. Ranger for dealing with and purifying the sewage was 
by the construction of filters at the outfalls, in wliich the sewage 
was to be filtered. The sewage water, even at tliis period, was 
used at more than one outfall for the purposes of irrigation ; 
but it did not answer, and every person who took it was only 
too glad to give it up, and, in some cases, they even sought 
compensation for the injury done to their land. 

It was not long before the system of filtering was found to be 
a great nuisance, and the board found themselves involved in 
several expensive lawsuits. When every conceivable process 
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was tried for purifying the sewage, among others I may mention 
the filtration through charcoal, Simp's patent hme process, treat- 
ment with carbolic acid and percnloriae of iron, oesides many 
others ; but no plan was found to be successful until large areas 
of land were taken, and, what is of more importance, they were 
first fitted by proper and suitable formation for the reception of 
the sewage. 

Mr. Scott said that it was quite evident that engineering 
skill in the utilisation of sewage was not keeping pace with the 
wants of towns or the sanitary requirements of the country. 
There were many reasons for this. The watercloset system was 
increasing at such a rate, and producing a nuisance of such 
gigantic proportions, that time did not permit the devising of 
engineenng plans for its removal and the maturing of agncul- 
tural arrangements for its application. At Edinburgh, where 
irrigation had made barren lands fruitful, no objection could be 
brought against its application ; but, as applied to ordinary lands, 
the case was different. Such lands would be injured and impo- 
verished unless supplied with those ingredients which the sewage 
itself did not contain. With regard to town sewage, one diffi- 
culty seemed to be the variety of its constitution in different 
towns. Wliere there was a domiciliary population the excreta of 
the to>vn was easily estimated ; but in the case of towns where 
there were manufacturing premises, dye-works, bleach-works, 
chemical-works, smelting-works, and works producing all kinds 
of poisonous refuse, the sewage produced a kind of petrification 
or ossification in the roots of plants, and hence the elements of 
fertility in the sewage, which were held either in solution or 
suspension, and did not act upon the vegetation. It was clear, 
therefore, that there could be no uniformity in utilising sewage, 
because very few towns produced the same Quality. At the 
same time it was impossible that the pollution of rivers could be 
allowed to go much further. He believed, as an agriculturist, 
that in many cases town sewage could not be jjrofitably applied. 
One plan of applying it profitably consisted in intercepting it on 
the higher ground, and allowing it to flow by gravitation over 
meadow land. It was diverted^ b^ very simple contrivances to 
the various parts which required it. There was at present no 
power in corporations to raise or expend funds for the utilisation 
of sewage, and hence it generally flowed into the nearest water- 
courses and ditches, whicn were tnereby rendered quite impossible 
with safety. If requisite powers were granted to corporations and 
governing bodies in towns, and a Government officer appointed 
to inspect and confirm or alter the plans of any works proposed 
by such governing bodies, remedies would be found m every 
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town. In many cases the utilisation would be a source of profit ; 
in others it would entail a loss ; but in all cases it would ensure 
safety to health. On the banks of the Ouse, near Buckingham, 
he had irrigated nearly 200 acres of land by a system of upward 
filtration, the river being supplied below the surface. That system 
was applicable where towns lay on a level with the surrounding 
lands. 

Mr. Rawlinson, C.B., said he had had the honour of acting 
for eight years as a member of a Royal Commission appointed 
especially to inquire into the utilisation of town sewage. He 
was also a member of a Royal Commission which had been 
inquiring into the means of preventing the pollution of rivers; 
the first report of which on the valley of the Thames was pre- 
sented to Parliament. He had examined all the important 
places in England where river pollutions took place, as also 
many places where sewage had been applied to purposes of 
agiiculture, and, in his opinion, the question of the utilisation of 
sewage lay at the root of the progress of civilisation. Some men 
were advocating the abandonment of waterclosets and sewers, 
because rivers were so fearfully polluted by them, and it had been 
gravely proposed to return to a use of cesspools. Then, in order 
to deal with effete refuse, systems of deposition and of artificial 
drying had been set up and even patented. Some of the plans 
which had been put forward by patentees would, however, if 
detailed, only serve to raise a smile. His owti opinion was that 
the method which >vould secure the greatest amount of health 
to the greater number of people in this populous country ought 
to be considered the best method. If it were found that the 
fouling of the rivers by sewage was less injurious to health than 
having no sewers at all, he thought that, as philanthropists, they 
must decide on fouling rivers, but he did not believe tiiat it was 
necessary to go on fouling rivers. He thought he could see a 
way out of the difficulty, and very few men in this country had 
practically assisted more to clear up this subject than Mr. 
Latham, who had read the paper now under discussion. In his 
(Mr. Rawlinson's) opinion, the Question was decided as regarded 
Croydon. That was essentially a watercloseted town. The 
towTi was drained on the tubular system ; the water supply was 
adequate, and the effete matter was delivered at the outfall 
within a very short time of its entering the drains and sewers. 
That was a very important thing to be taken into consideration, 
because fresh sewage was comparatively innocuous ; but sewage 
retained in a cesspool until it was putrid generated the most 
deadly gases. Pans, with all its apparent cleanliness, and with 
all its vast expenditure on subways, remained a city of cesspools. 
Within the last summer cholera had been prevalent in taris^ 
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and the health of that city was below the health of London. 
During the last twenty years in the metropolis of Great Britain 
waterclosets had been substituted for cesspools by thousands, 
even in the worst parts of London, such as Mile-end, West 
Ham, Bermondsey, and Lambeth, and although the river 
Thames had been increasingly fouled year by year with the 
increasing population, the mortality had been steadily reduced. 
That was really a question deserving attention. He did not, for 
one moment, advocate the pollution of the Thames. A gigantic 
and most costly work had been commenced for the purpose of 
doing away with that pollution, but he thought that a mistake 
had been made at the great sewers' outlets. He would have had 
none of those large underground cesspools, but would have ex- 

S ended the money which they cost in taking the sewage ten or 
fteen miles farther down. It was stated that a company had 
entered into an arrangement to take and utilise the sewage of 
London on the northern side. And he understood that the 
Metropolitan Board were in treaty with some parties to take the 
sewage on the southern side and utilise it also. If those projects 
were carried out, and the example of Croydon were followed, the 
results must be beneficial. The schemes for utilisation had to 
meet with many prejudices. Medical men came forward and 
gravely stated that there was an evaporation of miasma from the 
surface of lands irrigated, which produced a type of disease 
similar to that generated in malarious countries. Fortunately 
these opinions were contradicted by other medical men of equal 
eminence. His own opinion was that where the application took 
place with proper precautions, and where the area of the land 
was sufficient, irrigation might be carried on without causing a 
nuisance to anybody. Complaints had been made with regard 
to the works at Croydon, that the effluent water did not at all 
times come away bright and clear, but these complaints generally 
referred to Sunday, when the men were probably not working 
with the same regularity as on other days. And there were 
more of such complaints made in the summer than in the winter. 
The reason of that was, that in summer the green crops were 
growing rapidly, and a large number of men, horses, and carts 
went on to the ground and stirred up the surface. With regard 
to the question of town sewage he did not agree with Mr. 
Menzies in the opinion that sewage should never be mixed with 
the surface water ; this was, however, a question of detail which 
could not be explained in a few sentences. It had been said 
that in some cases sewage injured land; and he believed it was a 
fact, that if sewage was turned on a rich piece of old meadow 
land for a time, and were then discontinued, that land would be 
spoiled for a time as meadow land. That was not the way. 
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however, to apply sewage; but if it were used for Italian rye- 
grass, they would get crops which would almost bewilder some 
persons, in Worthmg, some of the crops last year were fifty tons 
to the acre, the first of the crops being twenty tons an acre. He 
believed that some form of legislation should take place to compel 
local boards to do their duty, and to apply sewage to land so that 
it; shall be cleansed by theland before the water was allowed to 
flow into the rivers, whether that application paid or not. It 
should be done as a matter of trade protection, as also to secure 
comfort and health. From wide experience he believed that the 
greatest nuisance in the cotton district was the cesspit system. If 
any one would traverse a district which was in the hands of the 
nightmen he would not want to traverse it a second time. The 
mortality was very high in those parts. Typhoid and typhus 
fevers were prevalent there, and these were essentially adult 
diseases ; they attacked heads of families. The " bread-winner" 
being often taken away, the wife and children became charge- 
able to the parish. As a matter of saving rates, therefore, it 
would be a great economy to adopt measures to lower the rate of 
mortality, Manchester and Liverpool were crowded by cesspits, 
and were traversed by miles of sewers defectively ventilated. 
In London, the sewers were ventilated over the whole area, 
but direct from sewer to street : this was a very clumsy plan. 
Tliere was a shaft direct from the sewer to the open air. The 
grating was directly over the sewer; the gases of decompo- 
sition, consequently, came direct into the air of the street, 
and road grit fell upon the invert of the sewer, blocking the 
flow of sewage. He (Mr. Rawlinson) had ventilated many 
sewers, but he had put a side chamber and an intercepting box 
of charcoal. The gas had to pass through the charcoal, ana the 
road grit was kept off the inveirt of the sewer. He would not^ 
however, say one word against the ventilation of the sewers or 
London if it would tend to retard it. Open, full, and free venti- 
lation was of the utmost importance. Side chambers and charcoal 
screens could be added to the shafts now in use. Ventilation 
was the salvation of the London sewers. If the sewers of 
Liverpool and Manchester were only ventilated as fully as in 
London, and even as rudely, the mortality in those towns 
would not be so great as at present. With regard to the appli- 
cation of sewage, it was the opinion of many men, well qualined 
to judge, that there is no class of land to which it could not be 
applied. There was a notion prevalent that clay land was not 
capable of utilising sewage; but the truth was that clay land 
was, probably, the best of all land for the purpose, because the 
clay prevented the contamination of wells. Wnere there was a 
porous subsoil; care must be taken that there^were no wells 
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.adjacent from which persons drew water, or there would be a 
risk of poisoning them. The brightness of water was ho gua- 
rantee of its punty. 

Mr. Fisher said that it was not one branch of the community 
alone which would be benefited by the utilisation of sewage. 
It would benefit capitalists, landowners, agriculturists, and en- 
gineers, and therefore it was a study for them all. He had 
carried out a system at Plumstead somewhat similar to that which 
Mr. Latham had adopted at Croydon. Before the metropolitan 
sewers were brought into the district of Plumstead, the sewage 
was conveyed to the ditches in order to be disposed of. The 
Government and also the farmers greatly objected to such a 
course, and therefore, in order to render the sewage as innocuous 
as possible, filtering beds were put between the sewers and the 
ditches. The water came off pure in colour; but it was not 
harmless. The medium used for the filtration was turf. Some 
of the sewage came from a brewery ; it seemed to be of a sour 
character, and produced a greater amount of smell than any other 
kind of sewage. At the outlet of the metropolitan sewer the 
river was fouled very much indeed, and the smell of the water 
was very bad. The mortality of the district of Woolwich and 
Plumstead was, however, rather favourable than otherwise. It 
might have been expected that the mortality would be increased 
in that district on account of the sewage works being placed so 
ndar ; but the result showed that the removal of the sewage of 
the district was a very great benefit to health. 

Mr. Morris wished to ask Mr. Latham whether all the 
matter in the sewage was taken off by the land, or whether there 
was some chemical action between the oxygen of the atmosphere 
contained in the land and the sewage water, by means of 
which the matter was oxidised and rendered innocuous. He 
had in his possession a pamphlet by Mr. Spencer, in which 
he stated that he could deodorise sewage and remove the organic 
matter from it by means of a magnetic carburet of iron, which 
caused the oxygen to assume the form of ozone, and thus decom- 
pose the organic matter. The question was, whether something 
of this sort occurred when the sewage passed over the land, or 
whether the land merely retained the sewage matter, causing 
nothing but the clear water to run off ? Perhaps Mr. Rawlinsou 
could give some information as to the use of the carburet of 
iron. 

Mr. Rawlinson said, with regard to the filtration of sewage 
as ordinarily understood, that inhis opinion it was impossible to 
effect it except by passing the sewage tnrough land. Tney might 
separate the flocculent matter and take out the solid residuum 
in a very simple manner ; but to alter the chemical constitution 
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of sewage it appeared that tlie passage through land was abso- 
lutely necessary. When sand, or charcoal, or carbide of iron 
had been used, it had been found jjractically, by chemical ana- 
lysis, that the sewage passed away with nearfy all the same salts 
as it contained before the process. 

Mr. DoNKiN wished to know what description of valve was 
used by Mr. Latham. 

Mr. C ARGILL said, that it seemed that the application of sewage 
to land was beneficial in some cases, but had the reverse effect m 
others. The application of sewage, with a merely sanitary object, 
would never be taken up by contractors or speculators unless it 
could be profitably carried out. No doubt the land had been impo- 
verished oy an injudicious system of culture, audit was question- 
able whether, if farming had been carried on scientifically from 
the earliest times, the land would have required manure at all. 
With regard to the manner in which the irrigation had been 
effected at Croydon, he believed that it had been shown that, 
although the soud matter of the sewage was deposited, the phos- 
phates or phosphoric acid which it contained flowed off witn the 
water. On Professor Liebig^s assumption, that would be a very 
important consideration in certain crops, because it was settled 
that the most important constituents in the production of plants 
were the nitrogenous and the mineral constituents, of the latter 
of which the pnosphates formed a portion. One element bear- 
ing on the economy of the application of sewage was the cost of 
transport. It was probable that out of every ton of sewage 
which a farmer took to his land, nine-tenths were of no use to 
him. In the county of Down, in the north of Ireland, where 
flax was cultivated to a very large extent, the water in which the 
flax was steeped made a very good manure ; but the farmers 
rarely applied it for that purpose. He wished to know what fall 
Mr. Latham generally gave to his sewers. 

Mr. Keeve said, he believed there were very few instances of 
such land as the last speaker had described, in which manure 
was unnecessary. There were some lands in Yorkshire and in 
the fens of Lincolnshire where the fertilising matter was very 
abundant, which seemed almost inexhaustible; but such in- 
stances were very rare. As to the ventilation of sewers, it was 
generally carriea out in a very offensive manner, and the smell 
irom the street gulleys was often very bad. 

Mr. EAwiiiNSON said, that if street gulleys were blocked up 
and the gas were not allowed to escape, it would be inevitably 
forced into the houses, and there it might be deadly. It was 
foimd that foul smells in the open air did not so often produce 
evil effects. Partially oxidised . gases might be breathea in the 
open air with comparative impunity, whilst the same gases 
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breathed in confined rooms would be capable of lowering the 
system and ultimately produce disease. If he had his way, every 
sewer in London should be ventilated so as to pass its gases 
through charcoal. 

Mr. P. F. NuBSEY observed that most of the large manufac- 
tories added, in a greater or less degree, to the accumulation of 
gases in sewers. The Aerated Bread Company, for instance, 
employed a mixture of whiting and oil of vitriol for the genera- 
tion of carbonic acid used in the vesiculation of the bread. 
When that mixture had ceased to evolve the ^ in sufficient 
quantity for their purpose, it was discharged mto the sewer, 
where it continued to give ofif carbonic acid m such volume as to 
render the atmosphere imwholesome. About half a ton of this 
refuse was let into the sewer at a time, and there was reason to 
believe that it was not only evolving carbonic acid, but from its 
acid nature was causing the escape of sulphuretted hydrogen from 
the sewer mud. A few months since, some workmen were 
nearly suffocated in the Blackman-street sewer, near the aerated 
bread bakery, and the accident doubtless arose from the cause 
just indicated. That pointed to the necessity of adopting means 
whereby the discharge of noxious matters into the public sewers 
might be regulated. Kestrictions should be placed on the dis- 
charge of all manufacturing refuse into the sewers. The acci- 
dent m the Blackman-street sewer led to proceedings being taken 
by the MetropoUtan Board of Works against the Aeratea Bread 
Company, which ended in the Company making arrangements 
to supersede chalk for obtaining carbonic acid gas, by the use of 
sugar. The process was founaed upon one in use in America 
for a similar purpose, in which grapes were employed. 

Mr. Jensen said there were other ways of producing carbonic 
acid gas, besides that which the Aerated Bread Company had 
been using. They used whiting and sulphuric acid. Some 
eminent medical men had expressed an opinion that it was 
highly improbable that the two men who lost their lives in the 
sewers some time ago were suffocated by carbonic acid gas 
generated by the Aerated Bread Company. He wished to ask 
whether Mr. Latham ever tried to utilise the refuse from soda- 
water manufactories, or other works which used carbonic acid in 
large quantities. He (Mr. Jensen) had heard that persons went 
to soda-water manufactories from long distances, and in some 
instances paid for the refuse. 

Mr. P. F. NuRSEY asked whether the Aerated Bread Com- 
pany still continued their original process, or whether they had 
adopted the method of obtaining carbonic acid gas from sugar 
or molasses ? 

Mr. Jensen said they did, but they had provided" a large 

I 
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tank for the reception of the waste liquor, instead of discharg- 
ing it direct into the sewer. They expected that persons would 
fetch it away to utilise it : he had heard of one party being in 
treaty for it. 

Mr. Reetb said that immediately the Aerated Bread Com- 
pany's refuse liquor entered the sewer, it generated another gas 
almost to the same extent as the original gas. That refuse ap- 
plied by itself to light land was perfectly useless. 

Mr. Rawlinson, in reply to an inquiry, stated that the cost 
of the charcoal-box woulcl be about 7s. 6a., and the cost of the 
side shaft would be about 2/. or 3/. He believed that if public 
opinion and scientific inquiry were directed to the subject of 
the fouling of rivers and the utilisation of sewage, it would be 
backed up by legislation. He contended that the same course 
should be pursued by the Government in reference to sewage 
and the pollution of rivers as was adopted in reference to the 
fumes from alkali-works and the refuse from gas-works. 

Mr. Morris said that at Woolwich the sewers were ventilated 
through being connected with a high chimneynshaft in the 
dockyard. 

Mr. Fisher said that at Plumstead the sewers were to be 
ventilated by means of shafts about fifty feet high. 

Mr. Rawlinson said that if chimney or other tail shafts were 
used for the ventilation of sewers, they would have to be mul- 
tiplied to an alarming extent. He would not say abolish such 
shafts ; but let the sewers be ventilated in other respects, and 
the openings just as numerous as if the shafts were not used. 

Mr. P. F. NuRSET remarked that the ventilation of sewers, 
by drawing off the gases by furnace shafts, was generally con- 
sidered a novelty, but he believed it had been adopted on the 
Continent for some years past with considerable success. " 

Mr. Latham, in replying to the discussion, said there was 
little or nothing left for him to say. He had been asked at the 
last meeting for some further particulars as to the analysis of 
the sewage water at Croydon, when it passed off the land, and 
he stated that it contained 20^ grains oi inorganic constituents 
and 2^ of organic, making 23 grains total, which was less than is. 
contained in the water supplied by some of the London Water 
Companies. The town water at Croydon contained over a 
grain of organic matter, and the sewage as it flowed to the land 
contained 39 grains of total constituents. At Croydon the fall 
of the sewers varied from about 1 in 50 to nothing. Some of 
the sewers were on a dead level. No valves were used or re- 
quired in distributing the Croydon sewage. With regard to the 
ventilation of sewers, that was a matter that had been entirely 
ignored or neglected at Croydon and in many other towns ; but 

Digitized by LjOOQ IC 



THE UTILISATIOK OF SEWAGE. 115 

the Croydon sewers are now being properly ventilated, and the 
good effects have already been experienced. The plan adopted 

1)rovides for the escaping gas to pass over charcoal ; each venti- 
ator fixed cost about 458. As a criterion of the value of sewage, 
he might state that the Croydon local board had received an 
offer from their tenant at South Norwood to pay the board the 
entire cost of the construction of the works and outfall sewers, 
which cost about 3000^., and also to pay 200/. per annum, as the 
rent of 37 acres under irrigation for a term of twelve years. Mr. 
Morris had asked whether the atmosphere had not some effect 
in purifying the sewage in passing over the land. It was well 
known that all porous substances had more or less power in 
attracting oxygen ; but whether the earth on that account had 
any effect in purifjdng the sewage, it was diflScult to say. He 
believed that the process of purification was mostly due to the 
property the ground had for attracting fertilisine matter. Clay 
soil was more effective in purifying sewage than sandy soil, 
whereas it contained less interstitial space than sandy soil, and 
consequently held less air and oxygen. He thought that oxygen 
performed no very great part in the work, or certain matters 
would be oxydised and free carbonic acid would be eliminated ; 
and then we should naturally expect that the free carbonic 
acid would combine with the constituents of the soil, and give 
a much larger per-centage of inorganic constituents than founa in 
the effluent water. One gentleman had said that soils had not 
an affinity for phosphoric acid. He (Mr. Latham) believed that 
was a total mistake, and that most soils had an affinity for phos- 
phoric acid, and the great outcry against sewage was that it did 
not contain sufficient phosphoric acid. Again, it had been said 
that there was some land so rich that it dia not require manure, 
but he had never met with land of that description. A question 
had been raised as to the disposal of refuse water from sodar 
water and mineral-water manufactories. He had found at 
Croydon that the matter let out from such works had stopped 
up the private drains of the manufactories, by forming a kind of 
concrete in them. The manufactories diluted the matter as much 
as possible, and it escaped ; but he believed that matter would 
be useful, and might be converted profitably into plaster of 
paris. He quite agreed with what Mr. Rawlinson had said 
about the suitability of rye-grass for the application of sewage. 
He believed that that was a production specially marked out by 
Providence for that particular purpose. It must not be supposed 
that because sewage destroyed meadow grass, it injured the land. 
Tlie whole result of sewage irrigation 3iowed most conclusively 
that sewage might be utilised with profit and advantage. He 
believed that as a class farmers were very far behind the age. 
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Their notion was that the application of water to land was 
minous. Mr. Scott had mentioned that the manufactures of 
some towns rendered the sewage unfit for use. As a rule, he (Mr. 
Latham) believed that that was not correct. Even the sewage 
of Manchester, which was the colour of ink, and contained a 
large amount of matter from dye-works, was t^pahle of being 
utiused. It must be borne in mind that a plant has a discri- 
minating power in selecting its food, and will not take up any 
injurious matter. 

Mr. Batley said that in cases where the sewage might con- 
tain a large quantity of mineral poisons, those poisons would be 
intercepted by upward filtration before they could reach the 
roots. 

Mr. Latham said that upward irrigation and undergroimd 

?ipe system was a system which he diet not at all approve of. 
t was one intended to get rid of and waste sewage ratner than 
to utilise it. The great problem of the day was not how to 
waste sewage, but to utilise it. The evils resulting from the 
presence of mineral matters in sewage were imaginary. 

The Chairman said he thought that it might clearly be seen 
from the discussion that the system of using town sewage for 
irrigation was good, and ought to be continued for the benefit 
of mankind. The pollution of rivers should be as soon as pos- 
sible stx)pped. In nis opinion, the outlets of the main sewers 
were much too near London. There was a scheme in existence 
for carrying the sewage on the north side much farther down 
than the present outlet, which he hoped would be carried out* 
He should recommend that the ventilation of the London sewers 
should be effected by means of ventilators, such as had been 
described by Mr. Rawlinson, for although the stench arising 
from the sewers might be innocuous to the system, it was not at 
all pleasant. The ventilation of the sewers at Woolwich, by 
means of the Dockyard shafts, might be very convenient and 
economical when the shafts were already built for other uses ; but 
he believed the draught thus created affected but a very short 
length of the sewers. 
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May lUij 1866. 

ZERAH COLBURN, President, in the Chaib. 

ON INCRUSTATION IN MARINE BOILERS. 

By P. Jensen. 

The question of keeping marine boilers free from deposit or 
incrustations has for many years been one of the most prominent 
before the profession, in fact, ever since the first steamer entered 
sea-water, and it is still well worthy our closest attention. It pre- 
sents itself to us principally in three distinct forms, namely, safety 
against explosions, economy of fuel, and durability of the boiler it- 
self. Now, we all know that sea-water causes incrustation and cor- 
rosion, when boiled in a close vessel like a steam boiler. It is not, 
however, intended to enter into the question of internal corrosion 
of marine boilers, though closely connected with the subject 
before us, for fear of extending the length of this paper ; but 
we may, in passing, note the fact that internal corrosion below 
the level of tne water in a marine boiler does take place to some 
extent where the scale has been removed, but that otherwise this 
scale, so injurious when allowed to accumulate to any thickness, 
acts the part of a shield or protector to the plates of the boiler 
against tne action of certain salts contained in sea-water, of which 
the muriate of magnesia is by far the most destructive, though, 
happily, small in quantity. And here the author maybe allowed 
to call the attention of the meeting to an excellent paper " On 
the Wear and Tear of Boilers," read before the Society of Arts. 
April 26th, 1865, by Mr. F. A. Paget, who treats the subject ot 
corrosion of boilers very fully. In the ordinary practice of sea- 
going steamers with common condensers, the feed-water is drawn 
from the hotwell of the condenser, and thence forced into the 
boiler at some point or points near the bottom, and at a tempera- 
ture of about 110° Fahrenheit. The evaporation of steam leaves 
all, or sensibly all, saline or other extraneous matters contained 
in the water behind in the boiler, and unless some means were 
adopted against it we should, of course, soon get the boiler choked 
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with incrustation or deposit. The means proposed or adopted for 
this purpose are many and varied, as will be seen in the sequel ; 
but this much is certain, that any considerable thickness of scale 
allowed to accumulate renders the plates impervious to heat to 
a great extent, as this scale is a bad conductor. The heat gene- 
rated in the furnace, and heating the plate next to it, cannot 
readily enough penetrate as far as the water, which, if in con- 
stant circulation, continually exposes fresh particles to the action 
of heat. The consequence is the overheating of the plates, and 
this to such an extent that holes may be burnt nearly through, 
leaving a sheet of iron the thickness of writing-paper. That 
explosions do and must occur bv thus weakening tne plates or by 
rents thus formed is an established fact, and has for years formed 
the subject of many investigations and different theories, among 
which that called the percussive, first started and since completed 
by Mr. Zerah Colbum, seems the most natural, and has now 
probably become more generally adopted than any other. But 
even only partial explosions caused by rents or collapse of inter- 
nal parts of the boiler have proved dangerous by scalding those 
that happened to be near at the time. The conducting power of 
wrought iron decreases with the temperature, so that at 400° Fah- 
renheit it has little more than half that at 32° Fahrenheit; 
how it stands with still higher temperatures we do not know as 
yet. If from some reason or other, such as the coating of the 
plate with incrustation, which has sixteen times less conducting 
power than iron, the plate with its covering of crust should be- 
come heated to above 340° Falirenheit, then the water would 
exist on its surface in a spheroidal state, and thus only slowly and 
by the forcible ejection of it by colder water enable the heat con- 
tained in the plate to diffuse itself into the water ; thus the plate 
would get hotter and hotter, and at last burn or oxydise where 
next to the fire. It is thus that plates are burned nearly through 
on account of incinistation. Impoiiiant as is the question of the 
safety of the marine boiler against explosions, it cannot be denied 
that the economy of fuel, as regards marine boilers, has at all times 
been a mere question of pounds, shillings, and pence, and com- 
manded, it is believed, as much attention as the consideration of 
human lives : witness the numerous patents, amounting to about 
one hundred and fifty, that have been taken out in tliis country for 
the prevention of incrustations and consequent loss in evaporative 
duty in marine boilers. Now this is not an occasion for speak- 
ing about the patent laws, or entering into the desirability of 
maintaining, altering, or abolishing the same ; but as one argu- 
ment in favour of maintaining them struck the author while pre- 
paring this paper, which has a direct bearing on this and most 
other engineenng questions, it would be worth while to hear 
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what the opponents of the patent laws have to say against it. 
The question is simply this, now and where should we find such 
a complete record of the progress of engineering inventive and 
progressive talent but for the record of the Patent Office? In 
spite of all the nonsense that is patented, no doubt in sober 
earnest, still we find a vast amount of information in the speci- 
fications of patents. Would those that speak against patent laws 
like to do without the patent specifications ? To return to the 
subject, it has been said above that the scale has sixteen times less 
conducting power than iron. In an inquiry on incrustation of 
marine boders by a Frenchman, M. Coust^ (Annales des Mines, 
1854), a paper hardly noticed in this country till Mr. Kobert 
Trefusis Mallet, in Practical Mechanics^ Journal, September, 
1862, gave an extract of it, the following is stated : That with 
marine boilers, starting quite clean inside, a loss of 8 or 10 per 
cent, of the evaporative duty of the fuel takes place after the 
first few days' work (a fact every marine enpneer is aware of). 
At Bordeaux he found 15 per cent., and at Havre, after some 
days^ constant work, he observed 40 per cent. In general prac- 
tice, he savs, it has been estimated that 40 per cent, of the heat 
of the fuel is lost by internal incrustation or deposit.* He gives 
the following analysis of the incrustations : 



StatlonB. 


Sulphate 

of 

Ume. 


Carbonate 

of 
Magnesia. 


Pree 


Iron and 
Aluminum. 


Water. 


Hamburg (deposit fromi 
the surface of boiler • 
partly crystallised) j 

Mediterranean, tubular 
boiler (amorphous) ... 

Mediterranean (amor- \ 
pbous deposit) ) 


85-20 

84-94 
80-90 


2-25 

2-34 
3-19 


5-95 

7-66 
10-35 


-41 
6-50 


6-5 

4-65 
4-56 



The water contained is believed to be mechanically present in 
the pores of the scale, and not chemically dissolved. Of course 
marine boilers are scaled as often as it can be done ; but for long 
voyages it is often out of the question. Starting with 20 lb. pres- 
sure in the boiler, and clean fires, it is generally found that on 
the second or third day, in spite of greater exertions of the stokers 
and harder firing, only 191b. or less can be kept constantly, and 
this loss in efficiency goes on at an increasing rate. In eight 
days' constant steaming it has been found (in one instance) that, 
starting with 22 lb. pressure, the same was reduced to 15 lb. at 
the end of the voyage ; this, it is supposed, without at all forcing 
the firing. Take another instance, at random, the Persia log, 

* This is, however, overrating the case considerably. 
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from the year 1858, September 30th to October 9th, inclusiye : 
Total number of nautical miles travelled^ 2886 ; total quantity 
of coals consumed, 1402 tons. But whereas the consumption of 
coals per hour per indicated horse power was 3*95 on 30th of Sep- 
tember (it left New York on the 29th), it had increased to 4-314 
on the 8th of October (Artisan^ May 1860). These few items 
illustrate sufficiently the well-known fact that incrustation, even 
only as thick as paper, has a very great and perceptible influence 
tending to counteract the economy of fuel. 

As to durability : marine boilers, with all care, on an average 
only last five years ; but this is chiefly owini; to internal and 
external corrosion, rendered more intense by the salts contained 
in sea-water, which, besides, promotes galvanic action in various 
ways. This must be understood to apply to boilers properly 
managed ; that is to say, in such a way that only a very thin 
scale is allowed to be formed ; for, as mentioned above, if thick 
scale IB formed anywhere in places exposed to the heat of the 
furnace, or the escaping gases, this circumstance contributes 
directly to the burning away or oxidising of the plates. This 
fact, that marine boilers wear out so quicHv, must, as far as can 
be seen at present, remain unaltered so long as salt water is 
employed, and in spite of repeated trials, and more or less suc- 
cess 01 surface-condensing in some instances, still we are far from 
the general introduction of surface-condensing, and considering 
the vast number of marine engines in existence worked with com- 
mon injection condensers and salt water in the boilers, leaves the 
importance of the subject under consideration intact. It is now 
proposed to give a general explanation of the action of sea-wata: 
as it obtains in the marine boiler. The specific gravity of sea- 
water varies according to different localities ; and caUing that of 
pure distilled water 1000, the average specific gravity of sea- 
water, according to Faraday, is 1027. For searwater of the spe- 
cific gravity of 1027*2, such as he used in his experiments, one 
cubic foot weighs 64-1416 lb., or 1026*265 oz. avoirdupois, and 
contains of 

Oonces. 

Chloride of sodium, or common salt 26*762 

Muriate of magnesia 3*282 

Sulphate of magnesia 2-212 

Sulphate of lime 1-013 

Total 32-269 

besides small quantities of other salts, but too minute to be of any 
consequence. 

Dr. Ure found the largest proportion of salt held in solution, 
in the open sea, to be 38 parts of 1000, and the smallest 32 ; the 
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212<* 


1000 


213-2 


1-029 


214-4 


1-068 


215-5 


1-087 


216-7 


1-116 


217-9 


1145 


2191 


1174 


220-3 


1-203 


221-5 


1-232 


222-7 


1-261 


223-8 


1-290 


225*0 


1-319 


2261 


1-348 
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Bed Sea, howevery contains 43 parts in 1000 ; the Baltic contains 
6-6; the Black Sea, 21; the Arctic Ocean, 28-5; the British 
Channel, 35*5 ; and the Mediterranean, 38. 

The following Table shows the boiling point and specific gravity 
of water of dif^rent densities at a barometric height of 30 in. of 
mercury : 

Sftltneea. BoUing poinl Speoiflo graTlty 

Fare water <. 

Common salt water ^ 

A 
A 

The deposit of salt begins at a density of -^, and at ^ we have 
arrived at the point of saturation, or tne point at which water is 
incapable of dissolving any more. According to M. Coust6, an 
imnerial gallon of water is capable of holding in solution at 60° 
Fanrenheit and at boiling-point, namely, in the open air, the fol- 
lowing weights, nearly : 

At GO*' Fahrenheit. At boiling point 

Carbonate of lime Merely traces . . . merely traces 

Silica 70 grains „ 

SolDhate of lime 170 „ „ 

Carbonate of magnesia 3'25 ounces „ 

Sulphate of potassium 10 „ 40 ounces 

Chloride of sodium 32 „ 30 „ 

Chloride of magnesium 266 „ 580 „ 

Nitrate of lime 500 „ P „ 

Chloride of lime 540 „ unlimited 

The order of deposition in the boiler, as the water becomes 
concentrated, is : 

1st, carbonate of lime ; 2nd, sulphate of lime ; 3rd, the salts 
of iron, or oxides, and some of those of magnesia; 4th, the silica 
or alumina, usually with more or less of organic matter ; and 5th, 
chloride of sodium, or common salt. Now it is well known that 
sulphate of Ume is the worst of all the salts in a marine boiler. 
We have seen that JJ, or 37 in 100, is the point of saturation 
for common salt ; but in the case of sea-water, which contains 
other salts besides, 36 parts in 100 saturate at 226^, and 30 in a 
100 at 228°. Now, taking 20 lb. pressure, which is the most 
prevailing now, this, with ^ saturation of -^ to a rise of 1*2° per 
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gW, according to Professor Rankixie, corresponds to a temperature 
oty say, 262*9^ Fahrenheit How much salt can be held in solu- 
tion at that temperature is not known to the author ; but it is 
well known that the quantity decreases with increased tempera- 
ture, and this is the reason of our not having yet arrived much 
beyond 20 lb. pressure in marine boilers working with salt 
water. In marine boilers we have chieflv to do with sulphate of 
lime, the proportion of the same so largely preponderating in the 
incrustation on analysis. As to carbonate of lime, this enemy 
to boilers is fortunately not a constituent of salt water except in 
the Mediterranean, which contains a trace of it ('001 in 100 
parts). 

Sulphate of lime forms deposits at all temperatures and all 
densities. Salt, on the contrary, forms deposits, as we],have seen 
in the foregoing, not to any extent except when in the quantity 
of -^ or -gV, the quantity of the same required for saturation 
decreasing with increased temperature, and the amount of deposit 
that will take place long before the point of saturation having 
been arrived at increasing with increased temperature or pres- 
sure. Sulphate of lime will depodt at any temperature ; but it 
so happens that increase of temperature also increases the amount 
of deposit of this salt, fon according to M. Couste, the solubility 
of sulphate of lime at different temperatures is as follows. The 
Table indicates the solubility for different temperatures, as well 
as degrees of concentration at which the saturation of sulphate 
of lime takes place : 











SolubiUty, or 


Degrees of areo- 








proportion of sal. 


meter corre- 


Temperature. 


Total presanre 


pbate of lime in 


sponding to the 








100 parts of 


sftturation* 








water at 
saturation. 




Fahr. 


CeU. 




12i 


217-4 


103-00 




•600 


12 


218-84 


103-80 




•477 


11 


221-27 


105-15 




-432 


10 


227-48 


108-60 


1: 


•395 


9 


231-8 


111-00 


•356 


8 


235-76 


113-20 


1: 


•310 


7 


240-44 


115-80 


ll 


•277 


6 


245-3 


118-50 


1 ■ 


•226 


5 


250 


121-20 


1 


•183 


4 


265-8 


124-00 


3 


•140 


3 


261-68 


127-60 


2 


•097 


2 


266 


130-00 


2i 


•060 


1 


271-94 


133-30 


4 


•023 



Now this Table, and that of the amount of salt which can be held 
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in solution at high pressures^ say 20 lb., a Table the autlior 
beUeves not to be found anywhere, would give us, as near as 
possible, the quantity of water that ought to be blown out of a 
boiler to prevent, 1st, accumulation of chloride of sodium, and, 
2nd, the oeposition of sulphate of lime in any quantity injtu:ious 
to the boiler in any high decree. True, there is one way of get- 
ting over the difficulty, namely, working with a lower pressure, but 
this is out of the question for several reasons, and we must hence 
use experience and experiments as our guide. From the fore- 
going, it will be clear that every pressure requires a different 
treatment and a different amount of water to be blown off. If 
you blow off more than is necessary to prevent accumulation of 
salt in the boiler, you have to pump a greater quantity of feed- 
water in, and cpnsequently a greater amount of sulphate of lime 
in solution, which will be deposited as a hard tenacious scale. 
On the other hand, if you blow off too little, you will certainlv 
get less sulphate of lime, but the accumulation of common salt 
will idtimately choke the passages in the boiler. This maxim, 
though true in theory, is modified in practice, because of disturb- 
ing elements, namely, the more or less rapid circulation of the 
water. To strike the just balance, it is, as before said, necessary 
to be guided by experience. It seems that ignorance has pre- 
vailed in high quarters till very late years, because of want of 
data. Thus we find that Mr. James Napier read a paper in 
1859 before the Institution of Engineers of Scotland, m which 
he recommended the use of a much larger regenerator (a sort of 
tubular feed-water heater, the heat of the bnne blown off being 
made use of for that purpose), and blowing off to a greater 
extent than generally used. He tried the experiment himself, 
and gave the results in a paper, read February 17, 1854, before 
the same institution. For the screw steamer Lancefieldj trading 
regularly between Glasgow and the Hebrides, he made a regene- 
rator of ten times the usual surface, and blew off to sucn an 
extent as to keep the density of the water in the boiler at very 
nearlv the same point as the water in the sea. After four weeks' 
running, the boiler was examined, and instead of its being clean 
and free from scale, he found, to his surprise, it was coated with 
a much thicker scale than under usual circumstances, but soft, 
like newly made mortar, but it dried and hardened before he 
could get it all out, and it was then nearly as difficult to scrape 
as the ordinary hard scale. On one voyage, when he was pre- 
sent himself, he gave the boiler as much feed as the pump would 
do, and he observed then that the water in the gauge glass was 
muddy. He continued the experiment for six months, out with 
lesser quantities of feed, and blew off till the tubes of the regene- 
rator gave way, and then he discontinued. He saw then M. 
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Coust^'s paper and the table contained in the same, which shows 
that at two atmospheres pressure sea-water becomes saturated 
with sulphate of hme even at the ordinary density, and as he 
loaded to 40 lb., and generally worked at about 30 lb., he saw at 
once the explanation of the phenomenon. Although he blew off 
constantly irom the surface by a conical tube, only some of the 
deposit of precipitate matter could be got rid of. This tallies 
exactly with the experience of some others. Some steamers in 
the American navy work with about, or nearly, 301b. pressure 
and salt water, but it is believed not with our ordinary tubular 
boiler, but with long cylindrical boilers having large round tubes 
and very ample water-ways. In the discussion following, Mr. 
Elder said he had worked marine boilers with 30 to 35 lb. and 
salt water. One naturally expected to find most deposit in that 
section of the boiler which contained most salt and lime, he said, 
but in a boiler divided into eighteen parts (supposed to refer to 
his spural flue high-pressure boiler), he found that though in the 
last section there was 2^ times more salt in the water than in 
that of the first section, yet the deposit of lime was about equal 
in all parts. He concluded that tne amount of deposit of lime 
depended on temperature, and not quantity of lime in it. The 
Americans, he said, ran with 40 lb, pressure, and did not appear 
to suffer from deposit, but they cleaned the boiler whenever they 
came into port. He found the deposit to be greatest where there 
was no current. He had observed boilers running with 45 lb. 
for three or four months, and there was not much more deposit 
than when working with 25 lb. He believed that there was 
a greater tendency tor the lime to separate and deposit, but it 
did not necessarily settle down on the heating surface of the 
boiler. 

The Mechanics^ Magazine^ in an article on Incrustation in 
Marine Boilers, February 24th, 1860, mentions Mx. James R. 
Napier^s paper, and assumes, for want of better data, 28 parts 
of sulphate of lime to 1000 of solution as the limit of saturation 
in boilers working at a pressure not exceeding 201b., and finds 
that with this assumption half the water must be discharged to 
keep the boiler clean, and this is affirmed by the practice of the 
British and North American Mail Company and others. Mr. 
Thomas Kowan found that when he had evaporated 

1% of the water a trace of sxdpkate of lime deposited 

-Ay » sulphate of lime deposited in larger quantities ; 

1^ » I, „ decided quantities. 

'fs n n Tery large quantities, also magnesia; 

and salt began to form. It is probable, therefore, that half or 
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more of the water would liave to be blown off in order to prevent 
formation of crust. This means, that the density of the water 
should be kept at -^y for as searwater contains -^ in its pure 
state, it is evident that half the water must be blown off to keep 
it at double its natural density. It mav here be remarked that 
a density of ^j is very generally kept m marine boilers, using 
about 20 lb. pressure of steam ; and if this be constantly and 
carefully attended to, no considerable or deleterious thickness of 
scale accumulates, at least in places where the circulation is 
good. 

We come now to a brief survey of the various means proposed, 
or adopted, for preventing incrustation. They consist in 

1. Surface condensers. 

2. Heating the feed-water to such a temperature before en- 
tering the boiler, so as to oblige the sulphate of lime and other 
salts to accumulate in the heater only. 

3. Introducing various substances into the feed-water before 
entering the boiler, the feed-water at the same time being sub- 
jected to heat so as to throw down the salts without allowing the 
same to enter the boiler. 

4. Introducing various substances into the boiler so as to neu- 
tralise the effect of the salts ; and 

5. Blowing off in the usual or various other ways. 

1. Surface condensers. This seems at once to do away with 
the nuisance ; the economy anticipated has not, however, been 
quite realised in practice. It has been found necessary to inject a 
little salt water along with the distilled water from the condenser, 
and the duration of the boiler has been found, in many cases, to 
be even shorter than with salt water only, the reasons for which 
it is not thought necessary to enter into here. 

2. Heating the feed-water, before entering the boiler, to such 
a degree that the salts are supposed to be flirown down in the 
heater instead of the boiler. This looks very feasible, but after 
all it amounts to shifting an evil from one place to another ; let 
the heater be choked with salt and incrustation, and the enmneer 
in charge has his hands as full as ever. To be admissible on 
board ship it must be compact, and at the same time accessible 
for thorough scaling, two conditions not very easily reconciled. 
The most practical shape is that of a casmg with a number of 
dishes or shells piled on the top of each other in the same, which 
can be taken out and replaced by clean ones in a short space 
of time. This plan was patented by Mr. Spencer in 1863, 
No. 896; and m 1864, No. 86, by M. L. E. E. Martin, a 
French civil engineer. It is possible that this idea, by no means 
novel, possesses practical value, and at some future time may 
prove successful. 
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3. The plan of medicating the feed-water in a heater before it 
is admitted to the boiler, feasible and correct in principle as it 
appears, resolves itself, however, in a commercial question, and 
is contingent upon the price, and bulk, and other qualities of the 
substances proposed to be used for neutralising the salts coib- 
tained in the feed-water. Many substances have been proposed 
for this purpose, some evidently not of a harmless character, as 
regards the iron j)late8 of the heater, some evidently so expensive 
as to be out of the question, and only one or two of a really 
feasible character. This latter class will be treated under the 
next head. 

4. The plan of admitting foreign substances into the boiler to 
neutralise the salts, or some of them, contained in the sea-water, 
has found favour with a great many inventors ; suffice it to say, 
that nothing has appeared more likely, in the eyes of practical 
and scientific gentlemen, than soda. Mr. J. R. Napier has gone 
into an estimate of the commercial advantage of using soda ash 
for incrustations. He assumes the boiler to work at 270°, or 
about 261b. per square inch, and evaporatingat that temperature 
7^ lb. of water from 100° per lb. of coal. The following is his 
Table: 



Sea-water supplied to boiler at 100° 

Water discharged at 270° 

Water evaporated 

Total heat evaporating from 100° ) 
at270°=1092xiy(Ti 32- [ 
T, 32) = 1095 ; 

Heat discharged 

Fuel consximed in evaporation 

Fiiel consumed in preventing crust 
Total fuel 



Mechanical 
method. 



151b. 
7-5 lb. 
7-5 lb. 

8215-5° 

1275° 
lib. 

•1551b. coal 
1-156 lb. coal 



Chemical method. 



8-33 
•83 
7-5 

8215-5° 

142° 

lib. 
J01721b. coalx 
1-0085 lb. soda ash 
(10171b. coalx 
\ 0085 lb. soda ash 



Thus it seems, he savs, that it requires only 172 lb. of coaI+ 
85 lb. of soda ash contaming 50° of soda to be as efficient in pre- 
venting crust as 15501b. of coal alone, which evaporates 7^ lb. of 
water from 100° at 270°. And these methods are equally expen- 
sive when soda ash is 16*2 times dearer than coal. T^is ratio 
varies with the efiSciency of the fuel and the temperature of the 
evaporation. In this instance the loss by blowmg off amounts 
to 14 per cent. Now, there is no doubt that soda is a very good 
remedy against incrustations, and it has been repeatedly recom- 
mended by eminent chemists. Unfortunately, even this remedy, 
so simple and efficacious as it has proved, has its drawback, and 
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that of a venr serious natiire. In a German scientific periodical, 
"Dingler's tfoumal," vol. 130, page 153, a.d. 1853, we find it 
mentioned that Professor K. Fresenins had recommended the nse 
of a certain quantity of soda as a certain and cheap means for 
preventing incrustations where water is used that contains sul- 
phate of lime (or plaster of paris). He had used it some months, 
and with very good results. The factory boiler in question, that 
formerly used to be scaled at proportionately short intervals, now 
remained perfectly clean, and even patches of old incrustation, 
too hard for removal, had disappeared. 

But repeated trials and careful examinations had shown that a 
continued use of soda attacked the boiler-plates very much. Dr. 
Zimmerman thought that all commercial soda contained more or 
less cyan, and that this was the reason of the corrosion of the 
plate; Dr. Rudolph Bottger, who mentions this fact in his 
" Polytechnisches jNotizblatt," of 1853, No. 20, says that he has 
made several experiments himself, according to which all com- 
mercial soda, even from the most respectable firms, contains cyan- 
natrium, and in consequence of this discovery he warns others 
Bjgainst usin^ it in boilers for the purpose of preventing incrusta- 
tions. It is important to bear this fact in mind at a time when 
we find the chief inspector of the Manchester Boiler Association 
recommending the use of soda in steam boilers. Besides, it must 
be remembered that such foreign bodies introduced into the boiler 
produce priming with all its evils. 

5. Blowing OT. The original practice at sea was, it is be- 
lieved, to blow off from the bottom only, which was not found 
efficacious. Subsequently, additional blowing off from the sur- 
face was resorted to, and this first at stated intervals and after- 
wards continuously. Thus we find Henry Maudslay and 
Joshua Field alreadv in 1824 taking out a patent (a.d. 1824, 
No. 5021) for withdrawing a fixed quantity of brine. by meters 
of any kind ; they preferred a pump with a loaded discharge- 
valve drawing from the lowest part of the boiler. They also in 
this patent mention a tubular regenerator for heating the feed- 
water by means of the heat of the brine drawn off. These brine 
pumps were at one time used to some extent, but have now been 
superseded by the surface blow-off system, because it was found 
that the pumps and the regenerator got choked with salt, and 
thus became inefficient. Blowing off irom the bottom has now 
become almost superseded by surface blowing off, because the 
latter plan has been found the more efficient of the two. The 
impurities contained in the sea-water being, by the application of 
the heat of the furnace, brought out from the state of chemical 
solution into that of mechanical mixture in minute particles, 
fioating about in the hot water and steam, are, by the ciroulation 
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of the steam and water, floated to the surface in or along with 
the globules of steam rising to the surface and there held in 
suspension in the bath of steam and water till accumulating to 
sucn an extent as to subside to the bottom ; or, in their down- 
ward course adhering to the surfaces coming in their way. It 
is hence obvious enough why it has been found advantageous to 
catch these impurities before they can do any harm and blow 
them off. 

Intimately connected with the question of blowing off is that 
of sediment-collectors. Various sorts have been proposed for 
this purpose ; but it is not proposed to enter into this subject, 
for tne reason that, applicable as they might be for many other 
sorts of boilers, they are not, in the authors opinion, as regards 
marine tubular boilers as now universally adopted, except in the 
shape of one or two common scum-pans ; because any compre- 
hensive system of pipes, pans, and vessels of any sort in the 
water-room above tlie tubes would impede the free circulation 
of the ascending and descending currents, and thus probably do 
more harm than good. The auuior is, however, open to correc- 
tion, in these remarks, by practical men having actually tried 
such appliances. And this leads to the consideration of, probably, 
the most important element in the prevention of incrustation in 
marine boilers, namely, the influence that the construction of the 
boiler itself has upon the subiect. 

If, as has been shown in the foregoing remarks, the sulphate 
of lime becomes all but insoluble in sea-water at a pressure of 
201b. per square inch above the atmosphere, such as is now 
commonly used in marine boilers, and if it is a fact, neverthe- 
less, that incrustation can be prevented in some boilers by means 
of proper and assiduous care, while no amount of care will pre- 
vent it in others, then we must arrive at the conclusion that the 
construction of the boiler, next to proper and convenient means 
of constantly observing the state of the water and careful atten- 
tion to it, forms the most important point in the inquiry. You 
may build marine boilers of very much the same general internal 
and external appearance to a superficial observer, and still one 
is a good and tne other is a bad boiler to keep clean and to scale. 
It is obvious that it is only by the rapid ana free circulation of 
the water and steam that we are enabled to work with salt water 
at all. It is further probable that but for the circumstance that 
the circulation becomes more rapid as you increase the working 
pressure, and consequently the tempers^ture, that higher pressures 
than 20 lb., going even as high as 40 lb., have been f oimd prac- 
tical with salt water. The chief principle to be aimed at seems 
this : wherever the greatest heat is communicated to the plates, 
there also ought to be the greatest facility given for a rapid 
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circulation ; and, secondly, make the boiler accessible in all its 
internal parts, and especially in those most vital, namely, those in 
which scale when formed is most injurious and dangerous, which 
are those exposed to the greatest heat. The scanty room gene- 
rally allotted to marine boilers makes it a difficult task for the 
designer to meet the above requirements without at the same 
time losing sight of other important considerations, such as 
economy and sti'ength. The common multitubular marine boiler 
may be so desieneo, and this does not happen very often, that it 
gives little trouble to the engineer in charge to keep clean and 
scale it : the tubes must not be too close upon each other, and 
not too many rows in tlie vertical line ; ample room must be left 
for a man to get in to clean the furnace crown, the back tube- 
plate, and the spaces between the tubes. The plan of inclining 
the back tubeplate somewhat so as to allow the steam to escape 
more freely from the same has found favour with many engineers, 
and has also collateral advantages. Of late years a multitubular 
boiler of another description, the vertical water-tube boiler, by 
Mr. Martin, a chief engineer of the United States Navy, has 
become extensively adopted in the United States Navy, and 
possesses, no doubt, advantages as regards scaling the tubes, the 
water being in them, and heated proaucts of combustion passing 
outside and amongst them ; this curcumstance renders them more 
easily scaled inside with circular scrapers than is practical with 
the tubes in our common marine ooilers, that want scaling 
outside and never can be effectually scaled by mere mechanicd 
means. The " Field " boiler, now well known amongst engineers, 
and because of the very rapid circulation in the tubes possessing 
the important advantage of keeping the tubes themselves and 
also the tubeplate in which they are inserted free from scale, 
ought to do well for marine purposes, one should think, although, 
of course, practice will answer that question. In American 
men-of-war, where they seem to be able to afford more boiler space 
than in the British Navy, is often used a long circular return- 
tube boiler, the tubes being of large diameter (say 1 ft. or more), 
with very ample water spaces around and between them. They 
are, on account of their shape, capable of working with 30 lb. to 
40 lb. per square inch, almost without staying, and also to use 
salt water at that pressure. Many other boilers proposed or 
adopted for marine purposes might be mentioned, but it would 
be to travel beyond the subject to go into details of this question. 
To illustrate the importance that has at all times attached to this 
subject, it will be well to enumerate the more prominent pa- 
tents that have been taken out in this country for preventing 
incrustation in boilers. 
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Messrs. Mauaslay and J. Field, 1824, No. 5021. This has 
been mentioned before. 

Mr. W. A. Johnson, 1838, No. 7714. He proposes to put 
pieces of broken slasa into the boiler, or broken porcelain, pottery, 
scraps of iron, shot, steel, or other hard substances, which he 
thinks, by the circulation of the water, will be scoui*ed against 
the sides of the boiler, and keep it clean I The circulation must 
be very strong indeed. 

Mr. J. I. Delfosa^, 1848, No. 11,347. He adds a compound 
consisting of dry tannic or gallic extract, hydrate of soda (soda 
without carbonic acid), muriate of soda, and subcarbonate of 
potash. The proportions vary according to analysis. For loco- 
motives and manne engines he adds this compound every two 
days or more. 

Mr. J. I. Beale, 1848, No. 12,185. He adds a compound 
consisting of human urine with a little caustic potass, soda, or 
lime. Two ounces of this per cubic foot of water contained in 
the boiler. Marine boilers, he says, must be blown off in the 
usual way. 

Mr. J. Horsley, 1849, No. 12,692. He proposes to purify 
the sea-water before going into the boiler, oy treating it with 
oxalate of potassa and ammonio-phosphate of soda ; for water as 
in the British Channel, he uses 2 drachms of oxalate of potassa 
to 2 oz. of ammonio-phosphate of soda for every gallon of water. 
The precipitate forms a splendid manure. But it requires a 
very nice analysis so as not to render the water injurious by an 
overdose. 

Mr. B. Babington, 1850, No. 13,322. He connects some 
more oxydable substance than the boiler-plates to the same in 
this way : he solders to the sides of the boilers in the water space 
sheets of zinc by one edge, leaving the other edge free, and the 
two sides just immersed. This zinc corrodes, and, by the voltaic 
ax^tion between the iron, the sea-water, and the zinc he thinks 
he prevents the incrustation. 

Mr. J. Ashworth, 1851, No. 13,647. To 33 gallons of coal- 
tar he adds 21 gallons of linseed-water (prepared by boiling in 
water 14 lb. of linseed, and straining seed away) and 5 lb. of 
plumbago, or common black-lead, pulverised, and 8 lb. of Gas- 
tile soap. He uses 1 gallon of this per 30 horse power twice a 
week. He finds this prevents incrustation, so tnat scale only 
forms in thin, brittle, and porous quantities, easily swept away. 

Mr. A. V. Newton, 1852, No. 14,062. He uses a compound 
called Sibbald's metalline compound, composed of tallow, or suet, 
1 lb., graphite, or black-lead, 1 lb., charcoal, fine dust, ^ of a 
pound. He first melts the fat, and then mixes. He then adds 
a gill of oil or gas-tar; When using, he warms it first, and then 
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paints the whole inside of the boiler, which must also be slightly 
wanned. Applied to a foul boiler, the incrustation becomes 
softened, and can be swept o£F. He says it prevents the forma- 
tion of new scale, and helps even to the evaporating efficiency. 
It should be applied once a fortnight. 

Mr. F. Dam, 1852, No. 14,262. He proposed to use hydrate 
of potash, or soda, which he dissolves in water, forming a satu- 
rated solution. He introduces it by a pipe having two cocks 
(like a grease-cock on a cylinder), or by means of a pump. Or 
he applies it to water before going into the boiler. To ascertain 
the proper amount, he takes a measured quantity and adds some 
drops of solution as long as it makes a milky cloud. The water 
is then filtered, and some more solution put in ; and if no more 
precipitation takes place, the former quantity is the right one. 

Mr. W. Dantec, 1852, No. 589. This inventor passes all 
feed-water through a filter. The latter consists of powdered 
charcoal between surfaces of hair-cloth, by preference ; first he 
precipitates the lime bv caustic baryta, or soluble salts of baryta, 
including sulphuret of barium, or else oxalate of ammonia. The 
filtering apparatus is an iron tank with perforated frames, one 
inside Sie other ; the spaces are filled with powdered charcoal. 
For marine or condensing engines he connects the hot well and 
the filter by means of a pipe for supply of water, and by a small 
pump he supplies the requisite quantity of solution of baryta to 
the water as it passes from the hot weO. The feed-pump draws 
the filtered water off, and pumps it into the boiler. To say 
nothing else against this plan, the filter would have to be of 
enormous dimension. 

Mr. A. V. Newton, 1852, No. 1041. He patents a self-acting 
apparatus for blowing off, regulated by the density of the sea- 
water itself. A hydrometer fioating in the bolier-water combined 
with, and to govern, the motions of an independent mechanism, 
actuated, by a motive force, to operate a valve or valves which 
govern discharge of liquid when its density or gravity becomes 
too great, or vice veradj or the supply of fresn liquid, or vice veiled. 
The hydrometer, by a rather complicated arrangement, acts as a 
float, the rise and fall of which regulates the opening of the 
blow-off cock. How this apparatus would fare in a gale of 
wind, with the vessel pitching and rolling, does not seem to have 
entered the inventor^s mind. 

Messrs. Dangerfield and B. Dangerfield, jun., 1853, No. 
2596. They employ a concave or cup-like vessel in the interior 
of the boiler at water-line ; scum collects in this vessel, and is 
taken off by a pipe at the bottom of same, and thence blown off. 
This is a yery old and well-known plan. 

Mr, R. Hoyle, 1854, No. 2078. He places a perforated 
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vessel containing barker other suitable matter in a cistern partly 
filled with water, and heated by the waste steam or otherwise. 
The solution of bark or other matter thus formed is forced into 
the boiler. 

Mr. a. J. Bousfield, 1854, No. 2442. The water before 
entering boiler is subjected to heat by waste steam in a long 
vessel with mudholes. The water flows out at one end into a 
perforated cylinder filled with sawdust, birch twigs, or thorn of 
oroom mixed with wheat bran. Also a lower cylinder of wire 
cloth or perforated plate containing horse-dung. These cylinders 
or sieves are within a jacket, into which the steam flows, and 
from thence into the atmosphere. The water thus heated and 
filtered flows into a supply vessel with a float to cut off supply of 
feed-water to the apparatus, and with cocks and valves in such 
a manner that when the further incoming of the water is 
stopped in respect to supply vessel, and steam admitted from 
bouer into supply vessel to equalise the pressure, the water will 
flow into the toiler. 

' Mr. J. H. Johnson, 1854, No. 2466. Introduction of raw or 
tanned scraps of hide into the steam generator. For convenience' 
sake a lot is boiled together into a soft mass, and put into the 
boiler in the shape of a ball, or else scraps of leather enclosed in 
a bag. It is preferred to use it as a powder. 

Mr. J. A. Manning, 1855, No. 882. Introduces aip-pipes to 
produce currents, and thus prevents incrustation. 

Mr. E. Topham, 1855, No. 1830. Applies inside near the 
bottom apparatus, for agitating and drawmg off occasionallv, a 
shallow scraper with one or more rods attached for working from 
outside. At back of boiler, at bottom, is an opening with a long 
blow-off pipe perforated at bottom ; by movmg the scraper to 
and fro the sediment is loosened and blown out. The holes in 
pipe collectively must be less than the area through cock ; this 
IS mainlv important. For sediment too light to be precipitated 
he has fans that throw the scimi into gutters near surface and 
alongside of boiler, in wliich lies the perforated pipe, 

Jkdfr. C. Walker, 1856, No. 340. Uses a scum-collector; a 
pipe with slots or holes on each side above centre-line is supported 
at each end with its axis at the water-level. It has a lever with 
a float at the end, so that as ebullition goes on the collector oscil- 
lates and thus exposes a number of holes for blow off. The 
bottom of the tube has no holes, and from that scum is taken 
off by a pipe dipping into it. 

R. B. Liindsay, 1856, No. 879. Applies highly heated steam 
or air to cause the incrustation to crack, the boiler being cold at 
the commencement of the process. This method has been tried 
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with great success in the royal navy, and seems to offer great 
advantages wherever it can be applied. 

A. C, L. C, and J. L. Oasartelli, 1866, No. 2623. A sa- 
linometer consisting of two tubes, the ends of which are sup- 
ported in two COCKS ; one cock is marked " blow," and the 
opposite one " limit ;" each tube contains a bead or float adjusted 
to certam gravities, that in tube " blow" being lightest. When 
density of water reaches gravity of float in tube " blow," the same 
will rise in tube and indicate that more f 6ed should be admitted ; 
but the float in tube " limit" will not rise till density exceeds 
that of the other to a certain extent. When float in tube 
" limit" rises water should be fed in to prevent too great density. 
This instrument may also be used as a water-gauge. The 
above plan is not unlike Seaward's salinometer patented many 
years ago. 

Mr. H. Hobbs and E. Easton, 1867, No. 1316. Solution, or 

fDaste, composed of arsenic and soda, or other alkali ; when as a 
iauid, it is to be pumped in, and when as a paste, laid on with 
a Drush. 

Mr. Paul Ingwersen, 1857, No. 1415. Burgundy pitch, alone 
or mixed with ^ of charcoal or pure soot, to be applied in boiler 
whilst heated. 

Mr. W. E. Newton, 1857, No. 1949. The black gum catechu 
is employed. To 100 H.P. boiler add aboilf^ lb., and allow to 
remam till water becomes of the colour of pale brandy ; small 
pieces are added daily to keep it at that colour. No incrustation 
will then ensue. This, he says, does not choke up. 

M. GuiUaume Difis, 1857, No. 1976. For a boiler of 200 H.P., 
suitable for a month : 



lb. 

Ci^stallised salt of soda 60 

Potass 40 

Plumbago 20 

A^hes 01 vine branches . CO 

„ pine- wood . . 20 

„ walnut ... 60 

Soot 10 

Linseed cakes ... 20 



lb. 

Tanning 60 

Tallow .20 

Flower of sulphur . . 4 
In addition to these^ volatile 
ammonia may be added 
to remove incrusta- 
tions. 



The above are mixeil with the sea-water in a paste. 

Mr. J. Hall, 1857, No. 2015. Sediment-collector. A series 
of plates, one inside the other, in which are formed apertures or 
spaces for the passage of the water and sediment into interior 
of vessel; the apertures are so arranged that the aperture of 
one plate may alternate with an obstructing piece of metal in 
the next plate, and thus overcome the agitation of water passing 
f ropi the boiler before it reacjbes the interior of the vessel, 

Digitized by LjOOQ IC 



134 ON INCRUSTATION IN MARINE BOILERS. 

Mr. J. Sheddon and J. Marsland, 1857, No. 2385. Washing 
rock soda, or carbonate of soda, or soda ash, or bicarbonate of 
soda, or compositions of any or either of them, either as a powder 
or liquid. 

Messrs. A. and J. Martin, 1857, No. 2945. Crystallised car- 
bonate of soda, wood ashes, and plumbago mixed and place4 in 
a separate vessel in connexion with the boiler. For a boiler 
already incrustated they propose to add besides hydrochlorate of 
ammonia. 

M. E. Ooulon, 1858, No. 607. Plumbate and plumbites of 
potash and soda, and the insoluble salts of lead ana chloride of 
zinc, added to a feed-tank or«to the boiler itself. He prefers 
to add a quantity of sand, clay, red ochre, and muriatic acid. 

M. H. A. de Saegher, 1858, No. 888. Dried pitch melted 
with stearine, or common grease, by application oi heat ; then 
. add wood ashes and ground charcoal, and mix them well by 
stirring ; then cool it and make it up into balls ready for use. 

Mr. J. Braidwood, 1858, No. 915. A yessel connected near 
the water-level and the bottom of the boiler, the bottom of the 
vessel being lower than the bottom of the boiler. A current is 
produced, and the water absorbs matter in vessel and precipi- 
tates, and is drawn off by a cock from the very bottom of the 
vessel. 

T. Holt and J. Brown, 1859, No, 1042. This patentee uses 
a feed-water heater, which he also uses as a receptacle of mixture 
for purifying the water; he uses spent tanners' bark, bark 
knots, &c. 

M. C. F. Vasserot. Extract of chesnut, or any other sub- 
stance containing gallic and tannic acids. 

Brooman, 1859, No. 1824. Leather, or waste leather. 

J. and R. Blinkhorn, 1859, No. 1833. Animal fat or grease, 
f uUers'-earth, soda mixed with neatsfoot or colza oil, night-soil, 
and Nixe/s washing powder; 1 lb. per 12 hours for an 8 HP. 
boiler. 

M. L. Sorbas, 1859, No, 2884. Any tannate of gelatine, as 
well as leather. 

M. L. M. Boulard, 1860, No. 938. A case or bag of perfo- 
rated sheet metal, or wire gauze, or non-mietallic gauze, corre- 
sponding to the inside shape of the boiler in which it is enclosed, 
forming a lining, kept at a slight distance from the side by 
means of brackets. The meshes ai'e finer at the bottom than at 
the top. The lining may be made in sections. It has been 
ascertained, he says, that this prevents incrustations, and loosens 
those already formed. 

Messrs. W, Allen and W. Allen, 1860, No, 1696. Ammo. 
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niacal liquid obtained from coal or gas tar. For a new boiler, lie 
paints it inside with several coats of gas tar. 

Mr. 0, J. Dinnery, 1860, No. 2988. Sediment-collector, con- 
sisting of a horizontal tube the length of the boiler, or nearly so, 
with one end communicating with the boiler by a vertical tube 
entering at or near water-level, the other end communicating 
with bottom of boiler, near the fireplace, by a horizontal pipe. 
Precipitation by simple gravitation. He savs salt does not crys- 
tallise till the water is saturated with it, while the sulphate of lime 
crystallises at 334° Fah. ; it is hence easy to separate sulphate 
of lime j&rst by passing it through a worm heated to 150% or you 
may have an apparatus for separating carbonate magnesial salts, 
a second for sulphate of lime, and the others for the vaporisa- 
tion and extraction of the salt. 

Mr. R. Armstrong, 1861, No. 1472. His patent consists of a 
boiler with a vertical circular firebox, with oval cross tubes, 
whose longest axes are horizontal in the centre, and vertical at 
the ends. He also has a plan for a feed-water heater, consisting 
of a cast-iron cistern^ serving as foundation for boiler to stand 
on, and the heat radiating from the furnace heats the feed-water. 
This case is divided into two unequal parts by a partition across 
reaching to within -J in, of cover or lia, which is to have a thick 
projecting convexity to dip at least 1 in. below surface of water 
when the larger part is fully charged with feed-water. The 
water expanding at the surface gradually passes over to top of 
partition to smaller part ; the sediment settles in the larger part. 
He lines or lags inside of shell with wooden staves, to prevent 
incrustation. 

Mr. P. Taylor, 1861, No. 2171. He uses pipes with long slots 
at the surface of boiler, or at the bottom, or both, extending the 
whole or greater part of the length, communicating with a dis- 
charge valve, that can be opened quickly by studs working in a 
spiral slot, causing a rush which he thinks will prevent sedi- 
ment. 

Mr. E. H. Hughes, 25 parts by weight of alum, 25 parts of 
salts of soda at 32% 2 parts of red ochre, 3^ parts of sulphuric 
acid, 15 parts of brown fecula of potatoes, and 85 parts of dis- 
tilled water ; these are mixed and boiled in a certain way. 

Mr. A. V. Newton, 1861, No. 2961. Tobacco as a decoction, 
or else in a bag. 

Mr. R. Needham, 1861, No. 3235. A longitudinal pipe at the 
bottom of boiler connected to a cock or valve outsiae. The 
pipe has at the bottom an aperture for entrance of mud and 
sediment, and at top a number of vertical pipes, each with 
ventilator-shaped funnel at top of water-line, with mouth turn- 
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ing towards front of boiler, the flow of water being from the 
front to the haxk. 

Mr. Grimaldi, 1861, No. 3207. A rotary boiler, which, at one 
time, caused a very great sensation. 

Mr. J. H. Johnson, 1862, No. 196. A fluid composed of 8 
parts by weight of potash of commerce, or carbonate of potash, 
and from 2 to 8 parts of molasses, added to 100 parts of snail 
or slug liquor. Also apparatus for injecting the same. He has 
the feed distributed so that no very unequal temperature exists 
anywhere. 

Mr. J. Webster, 1862, No. 1903. Depositing earth and saline 
matter by electricity on another surface than the heating surface. 
He introduces a sheet of copper and a sheet of zinc, and insu- 
lates them, as far as metallic contact goes, from the plates of the 
boiler. It will then be found that all earthy and saline matter 
will be deposited on the said co{>per plates. In tubular boilers 
he uses tuoes of copper and zinc in contact, which can be readily 
removed. 

A. Delme, 1862, No. 2257. A composition made entirely of 
bark of oak and pine, leaves of ammac^-tree, ^und and as a 
powder : a decoction of this condensed in density of about 10® 
jBeaume, and to it added a quantity of cream of tartar and spirit 
of turpentine. Three pints are enough for every 1000 pints in 
boiler for about ten days. 

Mr. J. Willson, 1862, No. 2583. Ground malt and woody 
fibres ; a larger proportion for marine boilers. 

Mr. J. H. Johnson, 1863, No. 2808. Snail or slug liquor 
100 parts by weight ; carbonate of potash 8 parts ; molasses or 
treacle 2 parts ; leaves of aloe 5 parts ; animal marrow 2 parts ; 
extract of tar at 12° Beaume 1 part ; boiled together for 2 hours, 
and then 30 strained off, when liquor will be ready. 

Mr. G. Spencer, 1863, No. 896. On some convenient part of 
boiler in connexion with the steam space, a close vessel furnished 
with a lot of diaphragms or dishes placed one over the other ; 
through the centre or sides of each vessel he brings the feed- 
water pipe, so that it discharges into the top dish, from which it 
flows down from one to another through holes or spaces, with 
raised edges not quite so deep as raised edges round edge of dish. 
The whole intenor is in contact with steam from boiler. In 
addition, he coats the inside of the vessel and dishes, and the 
inside of the boiler, with a suitable substance, such as Green's 
oxide paint, to prevent adhesion of deposited salts to the metal. 

Messi-s. W. t. Winans and J. Winans, 1863, No. 1582. In 
vertical tubular boilers of a peculiar construction is left a space 
in the midst of the tubes large enough for a man to so down 
and clean the tubes and the tubeplates. By having a solid body 
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of water in this place^ they also think the tubes will keep 
cleans 

Mr. J. Burrell, 1864, No. 698. A salmometer, consisting of 
a covered tank divided into two unequal compartments, both 
connected to water in the boiler. The small one contains dis- 
tilled water, and the lar^e one brine, continually supplied from 
boiler by constant circulation. In each is a float, and each float 
connected to one end of a double-armed lever. The floats are 
weighted, so that the float in the distilled water rises, if water 

f^ets too dense, and vice versa. The rocking-weight shaft of 
ever has another lever, which actuates the scum blow-off cock; 
when the float in the distilled water rises, the cock opens. There 
is also another float which actuates the feed-cocks. If a column 
of sear-water and a column of distilled water are placed side by 
side, the distilled water will rise ^ higher than the level of the 
brine. When the density of the bnne increases, the float will 
rise in distilled water and open the scum cock. There is a plate 
of glass in front of each to observe the state of the water. 

Mr. A. V. Newton, communication from G. T. Parry, Thila- 
delphia. To destroy or prevent incrustation he uses an electrical 
arrangement tending to neutralise the action which induces this 
deposit, it having been found by experiment that positive elec- 
tricity expels or throws off, while negative collects, small particles, 
hence when, bv ebullition or otherwise, positive electricity is 
liberated or collects in boiler, its action is to throw down par- 
ticles in the form of crystals or scales. He says he has tried it 
often, and has found it to answer. 

After this brief notice of the more prominent patents, it is 
intended, in conclusion, to mention some of the weU-known con- 
structions of salinometers ; for if it be true, as it seems to be the 
prevailing opinion among marine engineers, and as it has been 
shown in tne foregoing, that, after all, we must depend more 
upon blowing off than anything else to prevent incrustation in 
marine boilers, then the salinometer deserves more than passing 
notice. One of the first, in order of time, is that invented 
twenty-six years ago by the late eminent engineer, Mr. Samuel 
Seaward : illustrated by Fi^. 1 and 2, from a drawing kindly 
furnished by his successors, Messrs. Jackson and Watkins. The 
instrument consisted in a strong glass tube A, about | in. bore and 
14 in. long, fixed at each end in a brass frame, to which are 
attached tonv cocks, one at each end and two at the side ; by the 
two latter cocks the instrument is attached to the front of the 
boiler at such a height that the water in the boiler may fill the 
class tube. On opening the two cocks attached to the boiler, 
tne water will rise from the bottom of the same by a pipe from 
the lower cock and fill the glass ; on closing these cocks and 
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opening the upper one, two balls, BB', are dropped into the tnbe, 
tne first ball being adjusted to one degree heavier than the water 
is intended to be maintained at in the boiler, the second ball one 
degree lighter, then close the upper cock, leaving the communi- 
cation with the boiler open. Now, 4f the density of the water 
should increase beyond the standard adopted, the lower ball 
would rise ; and if it should decrease, the upper ball would sink. 
This is a very ingenious but rather delicate instrument, the use 
of which has now for many years been superseded by other con- 
trivances. The simplest, though crudest, is one, it is believed, 
still extensively used in many places, and consists simply in a 
can or measure, sometimes detached from and sometimes attached 
to the boiler ; this vessel is filled with water from the boiler a$ 
certain intervals for ascertaining the density; the wat^ is al-^ 
lowed to cool down until a certain temperature is obtained, and > 
found by dipping a thermometer into it, and then the hydro- 
meter graduated to that temperature is dipped in, which, by the 
degree of its immersion, indicates the specific gravity or density 
of the water. Such an instrument will, of course, fulfil the 
object of showing the density any time it may be required ; but 
the operation is tedious and requires care, and handling such 
delicate glass instruments is not exactly the thing in rough 
weather, when the engineers have many parts of the machinery 
requiring their constant attention. The next step was the intro- 
duction of more practical and complete apparatus, the most 
commonly known of which is that called How's salinometer. 
Though not favoured with an illustration of this instrument, its 
general appearance and construction will be seen from Fig. 3 ; 
for if we leave out the long tube. A, in Long's salinometer, the re- 
maining parts show as near as possible the arrangements of 
How's. His salinometer case contains a separate compartment 
for the hydronometer and thermometer, and it is easy enough 
at any time to let in the water from the boiler so as to fill the 
case ; shutting off the communication with the boiler and blowing 
off the surplus water, if any, the density of the water, when the 
ebullition has ceased, can be read off. But this ebullition, re- 
sulting from the reduced pressure of the atmosphere to which 
the water in the salinometer case now becomes subjected, causes 
a quantity of hot water to be thrown out of the case, thus ex- 
posing the engineer to be scalded ; the sudden rush of water 
from the boiler, if not properly checked by opening the cock 
very carefully, tends also to throw the hydrometer with great 
force against the cover, causing the danger of breaking it ; 
nevertheless, this instrument has been and is still extensively 
used. 

A more complete salinometer than the preceding one is illus- 
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trated by Fig. 3. This is the invention of Mr. Long, a chief 
engineer of the United States Navy. The objections to How's 
salinometer are obviated in this instrument by the addition of 
another separate tube, A. This latter contains a smaller internal 
tube, B, by means of a cock communicating at the bottom with the 
water in the boiler while the. top is closed, but having small 
openings near the upper extremity, through which the water 
can escape in the outer compartment of the long tube or vessel, . 
the steam at the same time freely disengaging itself. The long 
casing communicates at the bottom with the salinometer casing, 
which is fitted with a thermometer and a hydrometer. By this 
arrangement the rush of the water and the violent ebullitions are 
checked, and thus the density of the water can be observed 
without danger and inconvenience. 

But a more convenient and less cumbersome apparatus is 
represented by Figs. 4, 5, 6, 7, and 8. This salinometer, the 
invention of Mr. iJamble, chief engineer of the steamer City of 
Norvnchj has all the advantages of Long's, while the whole 
apparatus is contained in one piece, thus offering less obstruction, 
being more sightly, and taking up less space in the engine-room, 
besides possessing the great advantage of being very simple in 
construction and easy to manage. This salinometer is now 
coming extensively into use, and is being manufactured by 
Messrs. Hayward, Tyler, and Co., of Whitecross-street. 

In Figs. 9, 10, and 11 is shown an improved pattern of the 
same apparatus. The water is admitted through the side entrance, 
A, of tne four-way cock, into the hollow of that cock, and from 
there by opening the regulating screw of the jamb valve, B, into 
the bent copper tube in the salinometer case. At the top of 
the bend is a hole for letting the steam fi-eely escape. By pass- 
ing through in this way the force of the water is broken, and it 
will now enter the larger tube, C, containing the hydrometer, 
quietly. That tube is cut open on one side, and a correspond- 
ing hole is left in the casing, with a glass plate inserted in the 
same, which shows the densitv of the water at any tune. By 
the side of the hydrometer tufee is a cavity containing the ther- 
mometer, the indications of which can likewise be seen through 
a glass. An overflow pipe, D, carries the surnlus water away. 
Cbsing the jamb valve occasionally and then olowing through 
from the boiler enables the engineer to clear the supply pipe 
from any sediment, and this is an important point. Tne next 
operation on starting the salinometer afresh is to blow it through, 
which can be easily done by opening the jamb valve and setting 
the handle of the four-way cock so that a line on the dial plate 
points straight through from the salinometer to the waste pipe ; 
this clears the salinometer, and allows the water in the supply 
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pipe time to cool down, before entering the salinometer. 200° 
Fahrenheit is the temperature the hydrometer is gauged to. 
By the regulating screw of the jamb valve this can be easily 
and conveniently obtained as well as retained. Another great 
advantage in this practical little instrument, though it may not 
at first sight ^pear to amount to much, is the arrangement of 
the scales. The indications are given outside the brass face of 
the instrument, where they can be read off instantly. In conclu- 
sion, there is no doubt that, after all, blowing off in the proper 
manner is the best means of preserving the boiler ; that there 
cannot be given the engineer facility enough to do so, and that 
a salinometer possessing the advantages just described, which 
are fully borne out in practice, forms the best safeguard against 
the incrustation of manne boilers. 



APPENDIX. 



LOSS IN HEAT OB FUEL BY BLOWING OFF. 

Taking the density of common sea-water at ^= 3*125 per 
cent., then half the water requires to be removed to keep the 
remainder, as the steam leaves its saline matter behind, at a 
density of A. Likewise, if a density of A is thought suffi- 
cient, then J of the water must be blown on, and so on. We 
may assume the temperature of the steam to be the same as 
that of the water wnen leaving the same, however much it 
may afterwards become superheatod by a liigh uptake or by 
a special superheater. The temperature of boiling salt water 
is 1'2° higher for the same pressure than fresh water for every 
J^ of saltness contained in the same, and according to this the 
idlowing Table is calculated showing the total heat of the steam 
at various pressures and densities of saltness in the boiler. The 
temperature of the water is also given ; and to get the total heat 
of tne water corresponding, it is only necessary to subtract 32° in 
each case. The lowest column gives the quantity of water re- 
quired to be blown off to keep the water m the boiler at the 
density indicated at the top of the same column. The loss in 
heat- by blowing off can be easily calculated for any pressure and 
density of saltness, as follows ; 
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Assume the teinperatare of the feed-water to be 110° ; for a 

21 
pressure of 20 lbs. per square inch and a saltness of, say, — we 

find the temperature in the boiler to be 262°, the corresponding 
total heat of the steam is 1163'2°, the quantity of water to be 
blown off is '444. Now calling the quantity of feed-water entering 
1, that blown off is '444, ana that retained is '556. The heat 
imparted to the water blown off is -444 (262 - 110)= 67-49°, the 
heat imparted to the steam is -556 (1163-2°- (110— 32)= 
614-32° ; we thus see that the heat lost by blowing off (67*49°) 
is to the total heat imparted (614-32° 4- 67-49°), 10 per cent., 
nearly. Generally speaking, calling the temperature of the 
water in the boiler ty that of the feed-water t^ the total heat of the 
steam T, the per-centage of water blown off a?, and that of tlie 
water converted into steam y, whence j: 4- y = quantity of feed sup- 

X (t ti) 
plied, the loss in heat by blowing off ^»= Trr(^|-32)l4.:r (<-0 
of feed supplied, the loss of heat by blowing off is= 

a? (t- ti) 

y[T-(«i-32)] + a-(i-<i). 



DISCUSSION. 

Mr. Olrigk said that Mr. Jensen had read a very valuable 
paper on a most important subject, as the incrustation in marine 
boilers was the main cause of their lasting so short a time. The 
chloride of sodium, or common salt, has, at moderate pressures, 
little to do with the evil of incrustation in marine boilers, whereas 
sulphate of lime and magnesia ai*e the principal evil-doers, be- 
cause they form deposits at all temperatures and densities, which 
is not the case with the salt, as the precipitation first commences 
at a density of ~^, and the point of saturation is not arrived at 
before -J f. He (Air. Olrick) here exhibited specimens of incrusta- 
tions taken from marine boilers : the first sample was very thin, 
although the boiler had been ten months at work, and the ship 
had run a distance of 30,000 miles ; but a Gamble's salinometer 
had been attached to the boilers the whole time, showiug the 
benefit to be derived from the use of this instrument, which 
became more apparent when we saw the second sample of incrus- 
tation, about ^ in. thick, which had been formed in two months 
only at a distance run of 7000 miles with no salinometer. He 
(Mr. Olrick) also showed two specimens of incrustation taken out 
of a steamer belonging to the Oreek and Oriental Steam Navi- 
gation Company. In this case the incrustation was formed into 
a solid block between the tubes, a proof of the scandalous neglect 
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that takes place sometimes in steamers. Chloride of sodium is 
only precipitated by concentration, and this could easily be 
avoided by blowing off, whereas sulphate of lime was precipitated 
with a very small amount of concentration hardly avoidable, and 
also by elevation to a temperature now often used in steamers. 
The question was how to remove these evils. There were two 
different ways of doing it, either by separating the impurities 
from the water before it went into the boilers — which seems by 
far to be the more rational way than to allow them first to enter 
and then to have the trouble of removing them again — or by 
applying different means for freeing the boilers from the incrus- 
tation accumulated. To the first class belong the ordinary sepa- 
rators of different descriptions, which, however, nearly all fail, 
some on account of insufficient time being given to the sulphate 
of lime to settle, and the consequence was that it did not sepa- 
rate, but entered the boiler ; and others, where the exhaust steam 
was applied for raising the temperature of the feed-water and 
thus cause a precipitation, failed on account of the heat being 
insufficient. Separate boilers were also used for heating the 
water before it entered the main boiler; but these auxiharies 
became very soon coated with incrustation, and were thus dis- 
abled. The best apparatus amongst the class heated bv steam 
taken direct from the boiler is Martin's, which is a simple, com- 
pact, and efficient separator, which ought to be adopted in every 
sea-going steamer. A member of this Society (Mr. Danchelf) 
has appGed Dr. Clark's system of separating the carbonate of 
lime irom fresh water and thus softening it — a very useful and 
practical apparatus, by which means any number of gallons of 
water can be softened per hour, according to the size of the appan 
ratus. We now come to the different means for freeing the 
boilers from the impurities accumulated in them, and first amongst 
these stands blowing off, either from the bottom of the boiler oy 
means of the ordinary blow-off cock or from the surface of the 
water by means of a scumming-apparatus ; but with bad cir- 
culation of the water in a boiler these means are not sufficient to 
keep the boiler free from the accumulation of scale or sediment, 
that, generally, in all places on which the fire acts, gets hard 
and difficult to remove, and it has, therefore, been found neces- 
sary to introduce into boilers different compositions, the object 
of these being simply to loosen scale and to prevent the fonna- 
tion of sediment anew. He (Mr. Olrick) was, however, of 
opinion, that a good circulation of the water was a very effective 
means of keeping the heating surface in a boiler clean ; and in 
corroboration of this statement, he (Mr. Olrick) exhibited a patent 
" Field " tube which had been at work night and day for nine 
months without cleaning, and still it was now just as clean 
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as the day it was put into its place in the flue of a Cornish 
boiler. 

Mr. C. F. T. Young stated that his experience was, that the 
best apparatus for preventing incrustation could not be relied on 
unless the men in charge of the boilers gave them proper atten- 
tion. . He believed that the surface-condenser introduced a very 
serious cause of deterioration in boilers. In sea-going boilers 
the advantages of surface-condensers were more than counter- 
balanced by the repairs which became necessary. Boiler compo- 
sitions were very oDJectionable. He had not seen one that could 
be trusted in ordinary use. He believed that the theory was to 
dose the boiler every day, and the composition fetched off the 
scale which was formed, but it introduced a very serious diffi- 
culty by causing the deterioration of the plates and leakage. If 
a boiler were to be cleaned out, it certainly would not be objec- 
tionable to give it a good dose of some composition the day be- 
fore ; but that should be afterwards thoroughly washed out and 
got rid of. He did not think that any strict rule to apply to all 
cases could be laid down with regard to land boilers, eitner blow- 
ing off or pickling, or anything else. The best way was to test 
the feed-water, and then provide the means necessary to guard 
against the action of whatever it might contain. 

The President said that one of the most important points 
raised in the paper was that as to the use of surface-condensers. 
He hoped that there were some present who could give informa- 
tion as to the use of surface-condensers in connexion with ma- 
rine boilers from actual experience. 

Mr. Thomas Adams said that some of the salts contained in 
searwater floated on the surface of the water in the boiler. There 
.were two means of getting rid of the floating salts — ^surface blow- 
ing off and the brine-pump. Blowing off aid not get rid of the 
difficulty, and it seemed to him that the only way to grapple with 
it was by evaporation. He did not agree with the theory stated 
as to the loss of heat by scale in boilers. The theory was much 
above the practice. A f-in. scale, supposing it covered the 
whole interior of a boiler, would not increase the consumption of 
coal more than 10 per cent. 

Mr. Olrigk saic^ in answer to the question raised by the Pre- 
sident, that he had seen boilers which were supplying steam to 
Messrs. Maudslajr's three-cylinder expansive engines fitted with 
surface-condensers. These boilers were considerably smaller than 
those ordinarily supplied for the same horse-power engines. At 
first they had some trouble with the boilers from using rather too 
much tallow in the engines, the acid of which seemed to have the 
effect of corroding the boilers, which were always filled with fresh 
water when starting and kept supplied with the same tjirough- 
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out the voyage, from the surface condensers. But after a small 
amount of salt water was admitted into the boilers, just sufficient 
to form a very thin crust on the iron, no corrosion took place. 
The tallow was, in the first instance, used rather freely to keep 
all working surfaces from being affected by the highly super- 
heated steam. This point was, however, also soon remedied by 
mixing the saturated with the superheated steam, and thus 
lessening its high temperature. There was one point which Mr. 
Jensen seemed to have forgotten in stating the per-centage lost 
by incrustation, and that was the decrease of efficiency of the 
fires, when becoming dirty. When the boilers first started on a 
trip, all the fires were fully effective, but after being at sea for 
some 8 to 12 hours, the fires got very dirty and wanted cleaning, 
and this amounted to a decrease of about one efficient fire out 
of eight, which would be about 12 per cent. This diminution 
of heat was often put down as a loss of heat by incrustation, 
though it was really due to the fires becoming dirty. 

Mr. Jensen : I say in my paper " starting with clean fires." 
Mr. Olrigk said that the meeting were left to infer that the 
clean fires might become dirty. As to blowing off, he believed 
that the most effective way was blowing off at the surface. 

Mr. P. F. NxjRSEY said that there could be no doubt that in- 
crustation in marine boilers was at one time a perplexing matter 
to deal with, as it was supposed to be impossible to prevent the 
boilers of a steamer from oecoming salted up in some seas. But 
it had been ascertained that the saltness of different seas varied 
but little, and, however salt the water was, the boiler might 
be preserved from any injurious incrustation by blowing out 
from the surface. That operation to be effectual should be per- 
formed very frequently, or a portion of the supersalted water 
might occasionally be allowed to escape. By proper blowing out 
a very slight scale at the most would ever be found. A more 
complete remedy, however, for incrustation existed in the 
adoption of surface-condensation, which although an expense at 
first, would nevertheless prove of incalculable benefit in the end, 
besides effecting a great saving in fuel and, with land boilers, in 
water rates. But a step in advance of that was the apparatus 
M. Emile Martin substituted for the surface-condenser. M. 
Martin separated the salts held in solution in the feed-water by 
the aid of superheated steam, the deposit of scale taking place in 
a chamber connected with the boiler, and not in the boiler itself. 
Instead of directly introducing the feed-water into the boiler, it 
was injected in the form of a fine shower through a rose into a 
casing filled with saturated steam, fed from the boiler. By its 
contact with the steam the water rapidly acquired a high tempe- 
rature, which was additionally raised by means of a current of su- 
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perheatecl steam which entered the apparatus in an opposite direc- 
tion to the water. Some of the water at length became steam, 
and left its incrustations on perforated plates in the vessel. The 
steam generated in the vessel flowed into the steam-room of the 
boiler, while the water which was considerably heated was con- 
veyed to the bottom part of the boiler. By that arrangement 
the surface-condenser was in effect superseded. With regard to 
boiler compounds, it might be shown tnat their name was legion, 
and they had both supporters and objectors. That arose from 
the fact that there were instances in wnich, either from accident 
or from judicious choice, selection was made of a remedy which 
proved suitable to the disease. On the other hand, an improper 
antidote was very often applied, it being frequently supposed 
that one description of boiler fluid or scale-preventer was apjjli- 
cable in all cases. When water was found to form a rapid in- 
crustation it should be submitted to chemical analysis, the result 
of which would indicate the proper remedy. Carbonate of soda 
had been largely used, and with good effect. But, better than all 
the various crotchets and nostrums, was the plan of using boilers 
which were properly constructed in the first instance, by which 
incrustation was reduced to a minimum, if not entirely prevented. 
By a properly constructed boiler, he (Mr. Nursey) meant one in 
which the proper circulation of the water was effected. In 
boilers thus designed, such a thing as scaling was of veiy rare 
occurrence. As our boilers were not all properly constructed, 
then we must take all the preventive measures in our power, 
among which salinoineters were, perhaps, the most valuable. 
Grease had been found to preserve land boilers from the woi-st 
effects of incrustation. In the Royal Gun Factories, Woolwich, 
the boiler-plates were greased after each cleaning, which facili- 
tated the removal of scale. The refuse oil from the drip-cans of 
the shafting was collected, and aftef the boilers were cleaned it 
was laid on inside them with a brush. Although that did not 
stop the incrustation, it caused it to come off much more readily, 
and was found to effect a great saving in time and expense in 
cleaning the boilers. It was a common practice to throw into 
boilers old greasy cotton waste under the impression that it facili- 
tated the removal of the scale. But it was open to objection, in- 
asmuch as the oil combined with impurities in the water and 
formed a greasy substance, which, when precipitated on the 
plates, prevented contact of the water, and was thus the cause of 
overheating. The danger attending that practice was illustrated 
by the explosion of a boiler in October, 1864, and which was 
purely caused by grease incrustation. It proved beyond dispute 
that explosions did occur from a cause which was but little 
believed in. The boiler was cylindrical, with hemispherical ends, 
and was made of Jin. plates in 1850, it had two 2yin, safety 
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valves, weighted to blow off at forty pounds. One day, a loud 
report was heard, the fireman was thrown down, and steam and 
water issued from the fire-door at the same instant. On exami- 
nation it was found that about 8 feet beyond the bridge there 
was a hole in one of the end plates of an irregular triangular 
form, about 7 in. in length and 4 in. in width at the base. 
Around the hole on the inside was an accumulation of deposit 
extending over an area of about 2 J square feet, from 1 in. to 
IJin. in thickness in the centre, and gradually reducing in 
thickness towards the outside. In other parts, the boiler was 
almost free from the deposit, but tlie surface of the plates had a 
greasy appearance, and at the back end there was a small patch 
of deposit of the same kind as that just mentioned. The deposit 
w^as found to be composed of grease and earthy matters, and on 
applying a light it ignited like a piece of wood. The formation 
of this deposit was due to the introduction of grease, either by 
the attenaant or in the feed-water, which it appeared, at times, 
conveyed greasy matter from adjacent soap works. The feed- 
pipe delivered the water about 15 in. from the centre of the hole 
m the plate on the side nearest the fire, 10 in. from the bottom 
of the toiler. The feed had been turned on about ten minutes 
previous to the accident, and the plate showed evidence of its 
cooling effect on that side. The inevitable conclusion was, that, 
after tne plate had become red hot in consequence of the deposit, 
the latter nad become loosened, and fracture taking place, water 
had intervened between the deposit and plate, producing a 
sudden generation of steam sufficient to cause rupture. B^ore 
concluding, he (Air. Nursey) would mention an interesting cir- 
cumstance in connexion with boiler scale. Dr. T. L. Phipson, 
F.C.S., had made an analysis of a recently imported mineral 
substance, which, under the denomination of best India phos- 
phate (under which terra, by the way, a variety of ^osphatic 
materials found their way to the agricultural world in JEngland), 
was said to have been imported from America in large quantities 
during last summer. It professed to be phosphate of lime, but a 
mean result of numerous analyses made bv Dr. Phipson upon 
various samples gave the following composition in 100 parts : 

Atomic ratio. 

Sulphate of lime 6500 0.956 

Water 13-60 1-500 

Magnesia IQ'OO ...... 0*905 

Oxide of iron alumiua 0-85 

Chloride of sodium 0-70 

Sand 0-45 

99-50 

It was not difficult from that to see that it contained all the 
substances usually found in marine-boiler incrustations. qI^q'^^ 
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rather a novel kind of industry to scrape out the boilers of large 
steam-ships and send the products into commerce as West India 
phosphate. It certainly snowed how important it was that agri- 
culturists should have every new product carefully investigated. 
It further pointed out that if incrustation were prevented — as it 
undoubtedly could be — the public would be indebted to the 
sharpers for one fraud the less. The above analysis led to the 
formula : 

(2CaSxH) 4-2MgH, 

1 atom of " boiler sulphate" 4- 2 atoms of hydrate of magnesia. 
2 Ca S-f H is the "boiler sulphate" of the late Professor John- 
stone ; it was here combined with two atoms of hydrate of mag- 
nesia, the hydraulic qualities of which were well known. 

Mr. Cargill said that a mechanical method of removing in- 
crustation had been introduced into France. There was a set 
of small rakes fixed upon a rod which was capable of a rotatory 
and a progressive motion. He believed that the inventor pro- 
posed that the rod should be worked by machinery when used 
for large, and by hand when used for small boilers. 

Mr. Jensen said that Mr. Olrick had mentioned A^nds as the 

E roper density to be kept in marine boilers. He (Mr. Jensen) 
elieved that was very commonly used for 10 lb. pressure, but 
with 20 lb. pressure -^nds is the most common density. A de- 
scription of Martin's apparatus would be found in the paper when 
it is published. Another process often patented was to precipi- 
tate the salts and then filter the water. The precipitation was 
effected by introducing certain chemicals, one of which was 
baryta. The heat lost by blowing off was such an easy matter 
to find by calculation that he had not gone into it in the paper, 
and no rule could be laid down, as the loss varied with every 
temperature and with every density. He had mentioned that in 
one case it amounted to 14 per cent. That was with blowing 
off half the quantity of water and keeping the density at ^nds. 
At ^\nds the loss would not amount to anything like that. He 
would, however, calculate a table for facilitating the calculation. 
Mr. Yomig*s observation corroborated the general opinion that 
the circulation had everything to do with incrustation. The 
temperature of the upper tubes being higher than that of the 
lower tubes, there was no doubt that there was more rapid circu- 
lation and ebullition at the top than at the bottom, and that 
might account for the greater amount of scale accumulated in the 
lower part than in the higher. The reason that brine-pumps were 
introduced was to draw off a certain fixed quantity, the pumps 
being so proportioned as to draw off" exactly that quantity. He 
believed that the calculation that a -^ths inch scale represented a 
loss of only 10 per cent, was very erroneous. According to the 
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very exact experiments of M. Coiiste, as much as 40 per cent, of 
heat was lost oy incrustation ; but whether the scale was exactly 
|ths of an inch he (Mr. Jensen) did not know. 

Mr. Olrick remarked that no engineer would ever allow a 
scale to accumulate to such a thickness. 

Mr. Jensen said it might easily be done by mismanagement, 
and then he believed the loss would be much greater than 10 per 
cent. As to the crowding of tubes in marine boilers spoken of 
in the paper, and of which Mr. Olrick mentioned an example, 
he (Mr. Jensen) might say he had had a case of exactly the same 
description some years ago. The boiler in question had some 
twelve or thirteen rows of tubes, one above the other, and with 
very narrow water spaces. That boiler gave great trouble, espe- 
cially at the back tubeplate. On being applied to, he (Mr. 
Jensen) at once recommended the removal of the two or three 
(he forgot which) upper rows of tubes ; the calorimeter also 
being larger than required. It was subsequently found that 
this remedy, though seemingly detracting from the evaporative 
efficiency of the boiler, in reality added to the same, as it was 
the means of a better circulation, thus keeping the tubes and 
back tubeplate more free from incrustation, and probably adding 
considerably to the longevity of at least those parts. He (Mr. 
Jensen) afterwards exhibited and explained a Gamble's salino- 
meter to the meeting. 

The President said it was well known to engineers that there 
had always been a hitch in the use of surface-condensers. It 
was so in Hall's time, thirty years a^o, and, in consequence of 
the difficulties that were then found, thev went out of use. They 
had been revived again only within the last few years, and there 
was a great deal of difference of statement as to what the result 
of them really was. It was only a year or two ago that Mi*. 
Murray, of Southampton, said that the corrosion of the boilers 
caused by the condensers cost more than was gained by them. 
On the other hand, Mr. Spencer said that he had ships running 
six or seven years without any corrosion at all. The ^eat ques- 
tion was, what to do to prevent incrustation. Mr. JElder said 
at the United Service Institution that changing the water every 
five or six days had the effect of preventing it. Surface-con- 
densers were coming into use to a considerable extent for land 
engines, and those who had used them seemed to speak very well 
indeed of them. In the United States water-tube boilers were 
very largely used, for they were much more readily scaled than 
others. They were known there as marine boilers under the 
patent of Mr. Montgomery. The principle of the water-tube 
toiler was a very old idea. John C. Stevens patented it in this 
country in 1805, and it was very much used in the Unjted States. 
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October Ut, 1866. 
BALDWIN LATHAM in the Chair. 

ON SINGLE AND DOUBLE RIVETED JOINTS. 
By Thomas Baldwin. 

Ask a boiler-maker why he places the rivets in a boiler 2 in. 
apart, and he answers, because "it's the practice" — that is, 
because it is customary to do so. 

Ask the inspector of a boiler association the same question, 
and he, " with his extensive experience and close observation of 
many hundreds of boilers," tells you that 2 in. is the best distance, 
since all boiler-makers use it, and, further, if the rivets be placed 
at a greater distance apart, the joints cannot be made tight, and, 
if placed nearer togetner, the metal left between the rivet-holes 
will be too weak to Dear the strain upon it. 

If, then, you say to these gentlemen, it has been found by ex- 
periment that a bar of iron 1 in. square used as a rivet will be 
sheared across by a force of 50,000 lb., and that a piece of boiler- 

Elate having a section equal to 1 square inch will be torn asunder 
y 51,0001b., and that you conclude from these experimental 
facts that the area of the rivet and the area of the cross section 
of the metal left between the rivet-holes should be nearly equal 
to make the strongest boiler, you are at once told that '^i» 
theory it may be so, but it has been found that the plates are so 
much weakened by the use of the punch that nothing short of 
2 in. will do for the pitch of the rivets." If you ask to be re- 
ferred to experimental data showing that this pitch under all 
circumstances is the best, you are simply told that experience 
teaches it, and this even by men placed in a position to advise 
the users of steam boilers as to the best method of construction. 

The \vriter is, therefore, desirous of placing this matter fairly 
before those who spend large sums of money on steam boilers 
and yet get only 75 per cent, of the strencjth that correct prin- 
ciples of construction will give, and, therefore, pay 25 per cent, 
more for a boiler than is required if these principles be attended 
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to, or get a boiler that is 25 per cent, weaker than it oufjht to be. 
Jlowever strange it may seem, a boiler made of f in. plates and 
put together with | in. rivets and 2 in. pitch is just as strong as 
a boiler made of ^in. plates with the rivets and pitch the same 
as used for the f in. plates, f of both would give way by the rivets 
being sheared across, which causes the user of a boiler to pay 
25 per cent, more for his boiler than he ought to pay. 

We will pow try to ascertain and confirm by mathematical 
demonstration what ought to be the proper pitch to get the 
strongest riveted joints for steam boilers from the least material 
when the thickness of plates and the diameter of the rivets are 
given. 

As mathematical demonstration is by far the shortest and 
simplest way of arriving at the required result. 
Let P= pitch of the rivets in inches. 
d= diameter of the rivets in inches. 
a=area of one rivet in inches. 
<= thickness of plates in inches. 
«= number of pounds required to shear 1 square inch of 

wrought iron in the form of rivets. 
w= number of pounds required to tear asunder 1 sqnare 
inch of the boiler-plate left between the rivet-noles 
after punching. 
Then the sectional area of the plate between any two rivet- 
holes is 

and the force required to tear that section asunder is 

= (P— ^«n (1). 

The force required to shear one rivet across is 

-as ... ^ (2). 

Now, to economise material, and make the strongest single- 
riveted joint, we must make the rivets just on the point of 
shearing across when the plates are just on the point of being 
torn asunder ; therefore (1) and (2) must be equal, or 

(P-d)<n=a5 (3); 

from which we get 



and 



^-T.^' «. 






Now, Mr. Fairbairn has given a table for practical use, in 
which the thickness of the plates, the diameter of the rivets, 
and the pitch of the rivets are stated. 

Making 5=50,000 lb., which has been arrived at by experi- 
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ment and given on the authority of Professor Kankine, and 
making P^ dy and t agreeable to ^ir. Fairbaim's table, we find 
by equation (5) the values of n in Table I., column 5, as below : 



Table I. 



OWen in Mr. Fairbairn's 
Table. 




Bt eqnalion 


Plate 
t. 


Klret 
d. 


Pitch 
P. 


a. 


11. 


i 

* 
i 

1 
i 


•876 
•500 
■625 
•75 
•8126 
•9376 
1^125 


125 

150 

1^625 

1-75 

200 

2-50 

300 


•11044 

•19635 

•3068 

•4417 

•51849 

•6903 

•994 


33670 
39270 
49088 
58893 
43666 
85346 
85343 



The values of n shown in the last column are very variable in- 
deed, attaining a maximum in the case of f in. plates amounting 
to 58,893 lb.,^while the experiments made by Mr. Fairbaim on the 
tensile strength of boiler-jjlates, and given in his paper read 
before the Society of Arts in November, 1864, gives the mean 
value of 71= 52,4861b.; and yet we find the values of n as de- 
duced for ^in. plates from Mr. Fairbairn's table amounting only 
to 43,666 lb., and for ^ in. plates as low as 39,270 lb. — a discre- 
pancy quite unaccountable. 

The common practice of making the distance between the 
rivets 2 in. for f in. plates with | in. rivets gives by equation (5) 
the value n = 5L041 lb., which is a close approxunation to the 
strongest form of joint for single-riveted plates. 

If n be taken of the same value as Mr. Faii'baim recommends 
for f in. plates, we have by equation (4) 

•4417x50000 



as 



P=-+d = 
tn 



•5x58893 



■ + -75=1^5in. . (A). 



But if the pitch of the rivets for f in. plates be 2 in., then 
n = 51,041 lb. ; with | in. rivets and J in. plates we get 



P=: 



•4417 X 50000 



•5x51041 



+ •75=1-615 in. 



(B). 



Mr. Fairbaim gives a number of experiments on single- 
riveted joints (in the " Philosophical Transactions'" for the year 
1850, and in his "Useful Information for Engineers"^, the 
thickness of the plates used being '22 in. and 3 in. broad, put 
together with ^ in. rivets. 
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The mean breaking weight of all the experiments is given at 
18,5901b. 

The area of the two rivets being 2 x •19635 = -3927, and the 
sectional area of the plates after punching=(3— 1) '22 ='44, 
from which we get 

18590 .ooxAiu 
n= — j-r- = 42250 lb., 
•44 ' 

which being used for iin. plates with fin. rivets, we have, 

Mr. Fairbaim's experiments with plates '22 in. thick, 3^ in. 
broad, fastened togetner with three rivets ^ in. in diameter, 
gives 

Area of the three rivets . . . = '589 in. 

Area of plates, deducting rivet-holes = '44 in., 
which broke through the line of rivets by 19,6751b., giving 

n= — T-j- =44534 lb. 
•44 

Had these plates been 4*178 in. broad instead of 3*5 in., 
the section oi the plate after punching would have been 
2*678 X *22 = *589, equal to the area of the three rivets, and the 
riveted joint much stronger, the ratio of strength being nearly 
as 100 to 84. 

But experiments made on only two or three rivets is no fair 
criterion, as Mr. Fairbairn has suggested ; for he concludes that 
the strength of a single-riveted joint, including the rivet-holes 
in the measurement ot the section of the plate, is fairly repre- 
sented by a breaking strain of 34,000 lb. on the square inch of 
such section. 

Now, the entire section of the plate used in the experimental 
inquiry with two rivets was 3 X '22 = -66 in., and the section of the 
plate, after deducting the rivet-holes, will be (3— l)*22 = *44in. ; 

we then have n= ^jj =51,000 lb. as the power of the 

riveted plates to resist a tensile strain. 

Applying this value of n as before, we find, for J in. plates and 
f in. nvets, 

^ .4417x50000^ .- ■ ._ .„. 

^= *5x51000 +'75=l-61b . . . (E). 

The mean of these results for ^ in. plates will be found to give 
P= 1*63 in. 
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We therefore find that the shearing force and the tensile force 
are so nearly equal, that, for practical purposes, they may be 
considered so ; we can then dispense with 8 and n in equation 
(4), which becomes 

?=-- -{-dm • • • • • . (6). 
z 

Which gives, for J in. plates and | in. rivets, 

•44.17 
P=.^ + .75=l-6334in., 
•5 

nearly the same value as the mean of all the other deductions. 

After Mr. FairbauTi has analysed his experiments, he says : 
" If we take the mean of the experiments as respects the area of 
the rivets to that of the plates, we find one-hali in rivets about 
the proportion, or the ai'ea of the rivets in the last experiments 
should have been '4 in., which is nearly equal to the area of the 
plates through the rivet-holes." 

The following note is also attached : " Subsequent experiments 
made for ascertaining the strength of rivets {vide experiments on 
the strength of rivets for the Britannia and Conway tubular 
bridges) fully corroborate these views, namely, that riveted 
joints exposed to a tensile strain are directly, or nearly so, as 
their respective areas, or, in other words, the collective areas of 
the rivets are equal to the sectional area of the plate taken 
through the line of rivets." 

Again, in his paper read before the Society of Arts (November, 
1864), he says : " In this estimate we must, however, take into 
consideration the circumstances under which the results are 
obtained, as only two or three rivets came within the reach of 
experiment ; and, again looking at the increase of strength which 
might be gained by having a greater number of rivets in combi- 
nation, and the adhesion of the two surfaces in contact, which, 
in the rivet- joints compressed by machines, is considerable, we 
may fairly assume the following relative strengths as the value 
of plates with their riveted joints : 

Taking the strength of the plate at . . . 100, 
The strength of the single-riveted joint will be . 56." 

Now, we find, by equation f 6), for all practical purposes, s 
and n are so nearly equal that tliey may be neglected, and that 

P-rf=^ (7). 

Then we have 100 : 56 : : P : P— rf; but it has been shown that 
the area (a) of the rivet must enter into the calculation, and if 
we substitute the equivalent of P — cZ from (7), we get 

100 : 56 : : P : y ; 
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.-. P= 1-7857-^ (8), 

which, for i In. plates and | in. rivets, gives 
•4-4-17 
|>=l-7857-^ = 1-5774 in. . . . (F). 

Or, substituting the value '7854 d^ for a in (8), we have 
P=l-4^^ (9). 

This expression for the distance of the rivets is therefore 
deduced from Mr. Fairbaim's estimate of the whole of his experi- 
ments, and gives values differing from ilr. Fairbairn's table 
given in his paper, and before quoted. 

Now, Mr. Fairbairn gives distances for rivets which, he states, 
he finds the best in practice, yet, at the same time, they do not 
agree with his deductions from experiment. 

No one will doubt the importance of having the shells of boilers 
made of the strongest possible construction. 

When the single-riveted joint is used, and the thickness of 
the plates and diameter of rivets given, we have seen that the 
true pitch of the rivets is given sufficiently near for practical 
purposes by equation (6), and also again as deduced from Mr. 
Fairbaim's estimate of his own experiments by equation (9). 

A Table, giving the pitch and diameter of the rivets and the 
thickness of plates, will be found below, containing the results 
of both these investigations. 

Table II. 



Thickness of the 


Diameter of the 


Area of the 


Pitch of the 


Pitch of the 


pUtes in inches. 


rivets in incliea. 


rivets in inches. 


riyets in inches. 
Kquation (6). 


rivets in inches. 
Equation (9). 


t. 


d. 


a. 


t * 


P=l-4f . 
t 


i = -25 


J=-5 


•1963 


1-2854 


1-4025 


iV = -3125 


|=-625 


•3068 


1-6067 


1-7528 


|=-375 


l = -75 


•4417 


1-9278 


21033 


tV=-4375 


•4417 


1-7596 


1-8031 


tV=-4375 


.i|=-.8125 


•5185 


1-9976 


2-1159 


f = -75 


•4417 


1-6334 


1-5774 


i = -5 


iA=-8125 


•5185 


1-8496 


1-8513 


-i = -5 


i=-875 


•6013 


2-0776 


2-1471 


A=-5625 


J-J = -8125 


•5185 


1-7343 


1-6456 


tV=-5625 


i=-875 


•6013 


1-9439 


1^1086 


iV = -5025 


iJ=-9375- 


•6903 


2-1647 


2-1910 


|=-625 


ii=-9375 


•6903 


2-0420 


1-9729 


| = -625 


-H=i- 


•7854 


2-2566 


2-2436 
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The fourth column of the last Table seems to be entirely trust- 
worthy as to the pitch of the rivets, since the relations of the 
strains are more uniform than would be the case if the formula 
of the last column were used. 

Where the holes are punched, their mean diameter should be 
taken in fixing the pitcn, as the taper of the hole reduces the 
area of the metal between the rivet-noles ; and it is only neces- 
sary to increase the pitch by the amoimt the mean diameter 
exceeds the diameter of the punch. 

DOUBLB-RIVBTED JoiNTS. 

As double-riveted joints are made up of two parallel rows 
of rivets, we have to determine first the distance from centre 
to centre of rivets measured along the rows, and, secondly, the 
distance between the centres of the two parallel rows of rivets. 

Mr. Fairbaim gives the pitch, or distance, between the centres 
of the rivets for double-nveted joints the same as for single- 
riveted joints, but that distance, the writer presumes, is mea- 
sured diagonally from one row of rivets to the other, so as to 
form two rivets in one row and one in the other into an 
" isosceles triangle,*' and the distance apart of the two rows of 
rivets can only be determined by knowing that the lap for 
double-riveted joints is to be one and three-quarter times the 
lap of a single-riveted joint, and placing the two rows of rivets 
at the same distance from the edge of the plate as for single- 
riveted joints. 

Now, if we so place the two rows of rivets that they shall 
form a number of isosceles triangles, they will, when measured 
diagonally, and having equal distances apart, have the following 
values. 

Make P equal the pitch of the rivets in each row as before, 
and D the distance they are apart measured diagonally, and D, 
the distance between tne two rows of rivets, and all the other 
values the same as before, then 

(P-d)e 
represents the sectional area of the plate between the rivet-holes 
in each row of rivets, and 

(P-d)<n. . . (10) 
the force required to tear that section asunder. 

The rivets to be sheared across by the force that would tear 
the last-named section asunder are two in niunber, and this 
force is represented by 

2a8 . . . . (11), 
and as before, in the case of single-riveted joints, the values 
indicated by (10) and (11) must be equal, that is, 
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(P-d)<n = 2a«. 
But is has been shown before that s and n are equal ; hence 

P=7+'^ (12), 

tlie distance the rivets ought to be apart to ensure the strongest 
and most economical structure. 

^ The sectional area of the plate between the rivet-holes, taken 
diagonallv, according to the principles of stressy need not be 
greater than half that of the plate between the rivets of each 
row, that is 

2 
Therefore 

P±d 
2 • • • • 



^=*-^ (13); 



and by substituting the value of P from (12) into that of (13), 
we get 

D=^-hd (14). 

V 

If we make the distance between the two rows of rivets one- 
half the distance of the pitch of the rivets measured longitudi- 
nally, we shall get D ratner in excess of the above value (14), 
and api)roximate very closely to the experimental form with 
double-riveted joints made by Mr. Fairbaim. 

The Table 1. applies equally to double and single riveted 
joints, since Mr. Fairbaim gives the pitch of the rivets the same 
for one as the other, although it is difficult to see why, since the 
strength of the double-riveted joint depends entirely on the 

S roper proportion of the pitch of the rivets in each row to the 
iameter of the rivets and the thickness of the plates, and not 
on the distance between the two rows of rivets, or the diagonal 
distance of those rivets, so long as the last two distances are 
not so small as to cause the plates to be torn or sheared asunder 
diagonally. Any excess above these distances only adds to 
the cost and weight of the structure, without increasing its 
efficiency. 

In Table II., the fourth column gives the pitch of the rivets 
for single-riveted joints, and by comparing equation (6), from 
which that column is computed, with equation (12) for double- 
riveted joints, we find that it is only necessary to add - to the 

z 

values of P, in the Table, in order to obtain the correct pitch of 
the rivets for double-riveted joints. 
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Taking experiments, Nos. 38 and 39, Table X. of Mr. Fair- 
baim's expetunents on double riveting as the most conclusive, 
we find that the thickness of the plates are '22, the diameter of 
the rivets three-eighths = '375, the breadth of the plates 3*125 in., 
the main breakingweight 23,707 lb., fracture taking place across 
the rivet-holes A JB. 




/^ ^ \r\ r^ 



X 



U U KJ \J 



Tn these experiments there are five rivets to shear across, and 
the sectional area of the plate, deducting the rivet holes across 
A B, should equal the area of the five rivets, that is 

•11044 x5=-5522, 

and (•5522-J-*22) + 3d=the width of the plate to be of the 
strongest form, d being the diameter of the rivets, from which 
we get 3"635 in. as the width of the plate, whereas the experi- 
mental plate was only 3*125 in. 

Now, to have been in accordance with double-riveted joints 
as used in practice, the experiment should have been on six or 
any other even number of rivets, if the object be to determine 
the distance or pitch of the rivets. As an example, take the 
shell of a steam boiler; the direction of the rivets passing round 
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at c d. The distance of the rivets in each row of the double- 
riveted joint will then be given by the equation (12), as before 
stated. 

In circular steam boilers with two flues, the strain on the 
riveted joints is very variable, for whilst the joints that run 
parallel to the axis of the shell have a strain upon them of three 
units, the joints that pass around the circumference of the shell 
have only a strain oi one unit upon them — hence this class of 
boiler should have the longitudinal joints double riveted, and 
the other single riveted, w^hen, owing to the rings of rivets 
passing romid the boiler on each edge of every set of plates and 
the double-riveted longitudinal joints, the boiler would be as 
strong with this combination as if the whole were made of solid 
rin^s of plates, provided the plates are not made too wide. 

The common practice of boiler-makers in Lancashire and 
Yorkshire is to use 2 in. pitch and J rivets, whether the plates 
be #, T^, or ^ in., which cannot be too much condemned ; yet we 
find chief engineers of boiler associations stating that this is the 
correct method of constructing steam boiler riveted joints, al- 
though experiments decide to the contrary. 

DISCUSSION. 

Mr. Pendred said, the chai'acter of Mr. Baldwin's paper was 
such that he took it for granted that it was not necessary to con- 
fine the discussion to questions concerning the strength of riveted 
joints alone, but that it might include any points of general inte- 
rest connected with the manufacture or strength of boilers. He 
hdd listened very attentively to the paper, and he confessed he 
was somewhat at a loss to understand anything from it but this. 
Mr. Baldwin lays down a proposition, that a ^ plate is the best 
which can be used in a boiler, for he says: " The writer is, there- 
fore, desirous of placing this matter fairly before those who spend 
large sums of money on steam boilers, and yet get only 75 per 
cent, of the strength that correct principles of construction will 
give, and, therefore, pay 25 per cent, more for a boiler than is 
required if these principles be attended to, or get a boiler that is 
25 per cent, weaker than it ought to be. However strange it 
may seem, a boiler made of -} in. plates and put together with 
fin. rivets and 2 in. pitch is just as strong as a boiler made 
of ^ in. plates with the rivets and pitch the same as used for 
the I in. plates, for both would give way by the rivets being 
sheared across, which causes the user of a boiler to pay 25 per 
cent, more for his boiler than he ought to pay." He also 
assumes that a 2 in. pitch is invariably used for all sorts of 
plates, and he appears to pronounce it bad practice. Yet, in the 
tables given at the conclusion of his paper, he sums up the results 
obtained from formula which he puts forward as correct;^ and . 
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in this table we have the pitch for fin. plates agreeing to a minute 
fraction with the practice to which ne takes exception — |in. 
plates, J rivets, pitcn 1'9278 deduced from equation ^6), and pitch 
2*1033 deduced from equation (9). That is practicallv 2 in. pitch. 
Now, he (Mr. Pendred) objected, in the first place, to the 
assumption that 2 inches was the invariable pitch used ; and in this 
respect he had no doubt many gentlemen present would agree with 
him. He did not object to this pitch himself, and he believed it 
answered for an ordinary thickness of plate as well as any other 
a little larger or a little smaller. In the Staffordshire mining dis- 
tricts great numbers of boilers are made yearly, and the pitch with 
a -|^ plate there is sometimes as much as 2^ in., and seldom less 
than 2^ in. The reason is obvious. The greater part of the 
money spent on the workmanship of a boiler is devoted to punch- 
ing and riveting, and the fewer holes there are to be punched, and 
the fewer rivets to be driven, the cheaper the boiler will be. For 
■^ plates the rivets are usuallv -Hlths m diameter ; when spaced 
but 2 inches asunder, fths. He was not putting these forward as 
good proportions ; but only wished to show that a 2-inch pitch is by 
no means invariably adopted. And we need not confine ourselves 
to Staffordshire for an illustration of this fact. On the London 
and North- Western RailwOT, he believed he was correct in stating 
that the usual proportions adopted in express engines were ^ Low- 
moor plates in tne barrel of the boiler, J rivets, spaced If in. 
apart. In marine work, again, a pitch of 2^ in., with fj rivets 
and ^ plate, is very commonly adopted. He need not occupy time 
by illustrating facts which must be familiar to every one present ; 
and he would proceed to show that, in his opinion, Mr. Baldwin's 
calculations were, like all other empirical formulae, more or less 
imperfect./ It will be found on examination that the author had 
based his figures on the assumption that a boiler joint could only 
give way by ripping the plate or shearing the rivet ; and also that 
the quality of the iron in the rivets must be the same as that in 
the boiler, a condition which is by no means always present. Now, 
it is not an uncommon practice to use ordinary Staffordshire 
plates and the best Lowmoor rivets. He had done it himself with 
good results ; and it was found that by such a practice even a 
trifling saving might be effected in the price of the boiler as 
compared with common rivets, because the. rivets were more 
easihr worked. Would Mr. Baldwin affirm that in such a case 
as this his tables would be applicable? He (Mr. Pendred) 
thought not. Lowmoor rivets are used, purposely to permit the 
pitch to be increased ; and, owing to the kindly nature of the 
iron, the riveting is effected with less labour and in less time, 
and the work is in every respect more satisfactory. But it is 
clear that a pitch which would be correct for Staffordshire rivets 
must be wrong for Bowling or Lowmoor rivets, the diameters 

Digitized by LjOOQIC 



ON SINGLE AND DOUBLE RIVETED JOINTS. " 161 

remaining tlie same. Mr. Baldwin further states that at pitches 

S eater than 2 inches it is difficult to keep a boiler steam-tight, 
uch will depend'on the workmanship, on the size of the rivet- 
head and point, and on the diameter oj the rivet, which Kas more 
to do than merely resist shearing; still more on the purpose 
for which ^he boiler is intended, and not a little on the pressure. 
Thus, close riveting is more necessary in a locomotive boiler, 
underm)ing continual strains and jars, than in a Cornish boiler, 
generally put to work in a mass of brickwork, further, it is 
not clear that a boiler must give way by shearing or tearing ; 
on the contrary, he knew of instances where the heads came off 
the rivets, and the rivets drew. Of course the punching had not 
been properly managed, and the countersink came at the wrong 
side of the plate, so that there was nothing to detain the rivet 
but its head; and this illustrated, he thought, a great defect 
which must exist in drilled holes, namely, the absence of the coun- 
tersink. Mr. Baldwin, when maintaining that, by purchasing a 
iV instead of a ^ boiler, we spend 25 per cent, more than we 
ought, completely overlooked the fact that thick plates are re- 
quu-ed for other purposes than to resist pressure ; and his state* 
ment was, therefore, erroneous. Boijers almost invariably fail 
from corrosion ; and after everything has been said which can 
be said about joints, we find that, as a rule, boilers hardly ever 
fail at a seam, unless the plates in the neighbourhood are co]> 
roded or furrowed. Other things being equal, a boiler with 
a tV plate will last longer under destructive influences than 
one ^ thick ; and in many instances it will be found that the 
expenses for the repairs of a ^ boiler will be greater, and the 
loss caused by its being of necessity thrown out of work to 
effect them, will come to much more than the 25 per cent, which 
Mr. Baldwin thinks might be saved. He should like to hear 
something as to the relative cost in practice of boilers a^ 
made in the ordinarv way and with butt-joints and welds, 
either single or double. He should also like to hear some- 
thing of the results obtained from cold riveting, as practised 
in the States, and whether it has been tried in fliis country or 
not. He understood that in the States the use of the cold-rivet 
system is very general. Mr. King, of the ]J.S. navy, states, 
that although on the seaboard hot rivets are always used, yet 
that west of the Alleghanies, as at Pittsburg, Louisville, &c., all 
rivets are driven cold, for the cold process it is claimed that 
the holes are better filled than when hot rivets are used, as there 
is no diametrical contraction, and that none but the best iron c^n 
be used, as if otherwise it is sure to crack through the bead ; 
each rivet is thus tested separately and efficiently. In the 
western river boats, where excessive pressures are used, no diffi- 
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cuity is experienced in making tight joints thus. He could not 
say whether the system had been extensively used in locomotive 
work. In conclusion, he would point out that it is of even 
more importance that a boiler seam should be tight than that it 
should be strong. Leakage is a fruitful source of corrosion, and 
once this has proceeded to any extent the value of the best seam 
is reduced to that of the worst. 

Mr. Babnabt said that he had heard the paper with a little 
surprise. He did not know very much about boilers, but he had 
some experience with riveted joints in ships. He would state 
the result of this experience in Staffordshire and other description 
of ship plate iron. The plates of which he was about to speak 
were not, it must be remembered, of Bowling iron. Bowling 
iron plates had the peculiarity of having more nearly equal 
strength with and across the grain than most other iron had. 
The writer started by saying, and he (Mr. Bamaby) thought 
very fairly, that Mr. Fairbaim's arrangement for the pitch and 
size for rivets, and his theory, as the result of his various experi- 
ments, were not consistent with each other. Mr. Fairbaiim said: 
" It was ascertained, by direct experiment, that the shearing or 
cutting the rivets when tearing the joint asunder was as nearly 
as possible as the areas of the rivets, and the area of the plates 
respectively taken through the line of the rivet-holes." And 
Mr. Baldwin came to the same conclusion, namely, that the iron 
between the rivet-holes in single riveting was as good as the 
iron in the rivet itself. In all the experiments with which he 
(Mr. Bamaby) had been concerned he nad found that that was 
a long way from being true, and that the iron between the rivet- 
holes was most seriously injured by the punching. Mr. Fair- 
bairn stated that in five experiments with lapped plates single- 
riveted with three rivets, the mean strength between the rivets 
was 18*9 tons per square inch. That was not equal to the 
strength per square inch of Bowling rivets, which would be 
22 tons. He (Mr. Barnaby) foimd that a | in. rivet sheared, in- 
cluding friction, at 10 tons a rivet. It was customary among ship- 
builders to use tons instead of pounds in these calculations, because 
there were such great differences between the qualities of iron 
that nice measurement by pounds was of no practical use. He 
acted on the principle that a J in. rivet was worth 10 tons, and 
other rivets equal to what would be given by the proportion of the 
square of the diameters. The whole question turned upon what 
was the value of the iron between the holes. The strength of a 
solid plate of the same iron, said Mr. Fairbairn, was 25*8 tons 
per square inch. When the holes were punched it was worth 
18*9 tons, so that, exclusive of the loss by punching away the 
iron for the three holes, the iron was weakened about 25 per 
cent, in the jointing. He next took flush butt joints with single 
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covering plates and with three rivets. Here he found the iron 
between the rivets still weaker than in the laps. It came out 
only 16*6 tons per square inch, which was 35 per cent, below 
the strength of plate not having rivet-holes in its neighbourhood. 
All his (Mr. fiamab/s) experience confirmed that fact, that 

1)lates united by strips were not so strong as plates united by 
aps. There was a very good reason for it, which probably 
sug^ted itself to most engineers. Some experiments were 
made by Lloyd's committee to ascertain the value of different 
descriptions of riveting. He did not know whose iron they 
used, but it must have been very bad. He would quote the 
results, to show how very unsafe it was to argue about iron as if 
it was all of the same quality, and would always give the same 
results. That was just what it would not do. This principle he 
thought they might lay down safely, that they could trust to a 
rivet better than they could trust to the iron between the 
rivets. In all the experiments he had made with the Bowling 
iron he got about the 10 tons, and he had ascertained the 
additionalfact that Brown's steel J in. rivets were worth about a 
ton and a half more. In the experiments made at Lloyd's, 
instead of the iron breaking at 24 and 25 tons per square inch 
in double riveting, as it did in Mr. Fairbairn's experiments, it 
broke at 4 tons, and in thirty experiments it did not once reach 
10 tons per square inch. It would be said it was very bad iron, 
but, nevertheless, it was the iron which was put into ships, 
though, perhaps, they would say never into boilers. In a num- 
ber of experiments recently made by the Admiralty at Chatham 
Yard it was found that when two pieces of i in. plate from 1^ in. 
to l^in. wide, and with a lap of from 1-^in. to l^in., so as to 
bring the breaking strength of the iron round the single ^ in. rivet 
with which they were connected down to the sheanng strength 
of the rivet itself, the iron, which should have stood 21 tons per 
square inch, broke at the following strains per square inch : 13*6, 
13-2, 14-4, 12-4, 12-8, 13-2, and 13-2, or a mean of 13*2, which 
represents a loss of 37 per cent, arising merely from the injury 
done to the remaining iron by the existence of the hole in its 
neighbourhood. Therein lay the great benefit of double rivet- 
ing — a point which has been passed over altogether in the 
paper, and, as it seemed to him, by Mr. Fairbaim also. It lay 
m the fact that the iron between the holes when it was double 
riveted was not weakened so much as when it was single 
riveted ; because the line of holes through which it was obliged 
to break was farther away from the edge. In an experiment he 
made the other day he took a piece of half-inch plate and united 
it by three | in. rivets, three diameters from centre to centre, the 
plate being across the rivets 9 diameters wide. He had, there- 
tore, to break 2^ square inches. The iron was united cross?vTp 
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wise. Of course, as he need hardly remark, they had to 
attend in boiler-making to the crosswise strength of the 
plate, and not to the other strength, as it was of no nse to have the 
plate stronger in one du'ection than in another. When the holes 
were punched, the piece of plate broke at 10*9 tons per square 
inch between the holes. It was a very good piece of iron, stand- 
ing 20J tons per inch in the unperforated plate. When the 
holes were drilled, the iron broke at 11| tons. That was a small 
difference. The difference was usually greater than that, and in 
steel it was greater still. These results showed how much the 
iron between the holes was injured. If they could only get 
some way of welding the plates together, it would be a splendid 
thing. He considered the statement of Mr. Bald^nn in reference 
to strength was quite wrong. It had been said by previous 
speakers that there was an advantage gained by thickening 
the plates beyond that which was got from mere structiuui 
strength ; but taking the structural strength only, suppose 
the iron between the holes crosswise were taken as 12 tons 
per square inch, then the iron between the holes in a -| in. 
Doiler-plate, with | in. rivets and 2 in. pitch, would be worth only 
5J tons, against 10 tons for the rivet. The crosswise strength 
would generally be taken at more than 12 tons, but never more 
than 16 tons. Some of the experiments he had recounted gave 
a lower result than 12 tons. If it were taken at 16 tons, the 
iron between the holes would be worth only 7^ tons against 10 ; 
but with a ^ in. plate, suppose the iron to be worth 12 tons, then 
the strength would be 7^ tons, and if worth 16 tons would be 
11 tons, between the holes. With regard to pitch, he believed 
that in order to make a water-tight joint, -J in. plates having | in. 
rivets might have a pitch of nearer 3 in. than 2 in. It seemed to 
him that they acted wisely who kept to at least 2 in. in their boiler 
work, and that the practice condemned by Mr. Baldwin was 
quite connect. 

Mr. Olrick asked how Mr. Barnaby accounted for the 
superiority of the iron when the holes were drilled instead of 
being punched. 

]Nlr. Barnaby said that it seemed to him that the superiority 
was due mainly to the fact that the punch broke iron in the 
neighbourhood of the hole, and the drill did not. 

Mr. Pendred inquired whether Mr. Baniaby found that the 
shape and condition of the punch made any difference in the 
strength of the iron. 

Mr. Barnaby said he had not been able to detect differences 
of that kind. The same punch had been used in each set of 
experiments. There was always a good clearance in the die. 

Mr. Olrick obsei-ved, that ^generally the punching machines 
in a ship-yard were in such a state that it would be next to im- 
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possible to use them for steam-boiler work. In many cases they 
did not do justice to the iron. There was generally too much 
clearance, and the iron was torn apart. 

Mr. Barnaby replied, that most of the experiments referred to 
by him were made by new tools in the Government establish- 
ments, and the tools were in good order. 

Mr. Roberts said that, having tried experiments for the last 
nineteen years upon riveted joints, perhaps he might be allowed 
to give his formula for making boilers. It was a very simple 
one, namely, twice the thickness of the plate for the diameter of 
the rivet, and twice and a half the diameter of the rivet for the 
pitch. With regard to Mr. Pendred's remarks as to rivets being 
knocked down hot or cold, he (Mr. Roberts) had had rivets of 
various lengths riveted hot and then planed down to tlie centre 
in the planing-machine, and he always found that when the 
length of the liole was three times the diameter of the rivet, it 
invariably, in cooling, shrank in the middle and did not fill the 
hole ; and, therefore, when that proportion was adopted, the rivet 
should always be knocked down cold. He believed that Lloyd's 
tests were woiih very little indeed. They were tried upon a 
machine which, to his own knowledge, would not indicate within 
a ton and a half. His own expenments had been conducted 
with a machine so sensitive that it would indicate to a pound. 
As to the bad punching of holes, he must confess that some of 
the best punched holes he had ever seen were made in a ship- 
yard. A great deal depended upon whether the punch was m 
good order, and the speed with wnich the hole was made. With 
a sharp tool and a good speed, they might get a hole of nearly a 
fair taper. In the Great Eastern, the holes were punched so 
that when the rivet was knocked down it would be a double 
cone, and still hold though the head might jump off. 

Mr. Pendred asked whether Mr. Roberts had tried atiy expe- 
riments as to the proper speed for the punch. 

Mr. Roberts replied that he had not; but he should be happy 
to do so before the next meeting. 

Mr. Pendred said he wlsheoAlr. Roberts could also tell them 
the relative cost of drilled and punched holes. It seemed to him 
that if the holes had to be rjinered and countersunk it would be 
a very expensive job. 

Mr. Roberts said that in some boilers for steam fire-engines 
he had just made, the drilling and countersinking had cost onlv 
about three shillings extra. After the holes were fairly drilled, 
they were countersunk, tn reply to Mr. Olrick, Mr. Roberts 
further stated that he had had very little exberlence lit machine 
riveting ; and that he preferred the methoa of riveting in the 
sample produced to snap-riveting, because it closed the plates 
better than snap-rivetin*g did. 
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Mr. Cabgill had seen plates sheared across which had been 
joined by machine riveting, and he could hardly tell the rivets 
from the plates, as they were almost incorporated one with the 
other. That result was frequently not attained by hand riveting. 
Another advantage of machine riveting was that it overcame 
the diflSculty of Keeping the axis of the rivet exactly opposite 
each head, and equalised the drawing power of the rivet, and 
made the drawing on each surface of the plates uniform. It had 
been disputed whether there was any real advantage in filling 
up the holes, provided the joints were tight. Efe could not 
a^ee with Mr. Baldwin's statement that two joints would be of 
the same strength with different thicknesses of plates, provided 
the rivets were of the same diameter and pitch. 

Mr. Olbigk said that there was a question which he should 
like to test by figures, but he had not had time to go into it. It 
was whether the compressive strain on the section of the plate in 
the rivet-holes was not often too great, so as to cause a partial 
fracture pi the iron. 

Mr. Roberts said that the direction of the break would de- 
pend upon the section of the iron. It would not be a fair ex- 
periment to try with a single rivet. If there were another rivet 
and the area of the iron was lai'ger, the chances were it would 
pull right across ; but if the joints were of the ordinary lap, the 
chances were that it would pull right out. 

Mr. Olrick asked whetner IVfi. Roberts did not think the 
strains would be likely to tear the iron in the two places 
indicated. 

Mr. Roberts said it was most likely it would tear a zigzag. 
Mr. Olrick said he believed that was a point not always paid 
suJfBcient attention to. 

Mr. Roberts said, in riveted joints the engineer must bo 
guided by the lap. He could not have a long lap. 

Air. Olrick said, that if there was a sufficient lap, and the 
section was enough to resist the whole strain thrown upon it, no 
fracture would take place. 

Mr. Roberts said that it was well known to all boiler-makers 
that they could have only a certain amount of lap. If there was 
too much, there would be great difficulty in making the joints 
tight. In trying an experiment such as Mr. Olrick had indi- 
cated, much would depend upon the direction of the grain of the 
iron, whether they were using the end of a plate or the edge of 
a plate. They would require a wider pitch on the edge than on 
the end, because the iron was generally weaker. 

Mr. Olrick said that it was a rule, and no doubt a very good 
one, to have the diameter of the rivet outside the rivet-hole. 
For instance, with a | in. rivet there would be an overlapping 
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of 2i in. Tliat is to say, the distance from the centre of the 
rivet to the outside of the lap would be 1^ in. Consequently, 
for the double lap that would give 2^ in. If that were trimmed 
up and caulked, it would be perfectly tight. 

Mr. ScHoNHEYDER askcd whether, when Mr. Olrick said 
there was not sufficient section of iron beyond the rivet, he did 
not mean there was not sufficient surface. 

Mr. Olrick said that he meant that the compressive strain on 
the edge of the plate was too great to be resisted by the iron, 
and therefore the iron was forced back and a fracture was com- 
menced which could not easily be detected, but might extend and 
lead to disastrous explosions. 

Mr. ScHoNHEYDER Said that in that case he thought " sur- 
face" ought to have been the term used, instead of " section." 
He should like to make some further remarks at the next 
meeting. 



October 15<A, 1866. 

ZERAH COLBURN, President, in the Chair. 

ON SINGLE AND DOUBLE RIVETED JOINTS. 

By Thomas Baldwin. 

adjourned discussion. 

Mr. J. Hendry said the subject of the paper was a very im- 
portant one, but although it did not appear to him to contain any 
real practical data, yet we were much indebted to the author for 
bringing the matter before the Society. He would remark, that 
we were very much indebted to Mr. Fairbaim for the valuable 
data he had given us on this subject ; he had been the pioneer 
in plate and riveted work, and had given us the fulcrum upon 
which to work. The experiments he made were, at the time, no 
doubt, correct, although some assert that they are wrong now ; 
his own opinion is that the tables he had given were practically 
correct, as it must be borne in mind that different experimenters 
on this particular class of work very often found various re- 
sults, depending entirely upon the relative qualities of plates 
and rivets operated upon ; this was, therefore, the first point to 
be considered in laying down any data for riveted joints. The 
boiler-smith was, in many cases, as good a judge as any as to 
the lap of plate and distance and size of rivets, &c., when 
he knew what class of material he had to deal with. As re- 
garded punched verma drilled holes, he was of opinion that it 
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was an ciroir to resort to drilling unless turned rivets were used ; 
in fact, he considered it td be ratner tlnmechanical to put ordinary 
rivets into drilled holes ; in riveting hot rivets in drilled holes there 
was a great uncertainty in getting the rivete to fill the holes, one 
cause being that the oil, &c., used in drilling was left in the 
iiole ; then, again, there were the sharp and ragged edges, which 
had a tendency to cut into the heads ; and, moreover, unless the 
ragged edges on the inside of the plates, where they come 
together, are dressed ofiF, there was a fear of being unable to get 
a water or steani tight joint. The only point that could oe 
advanced in favour of drilled holes was, that the plates were not 
so liable to be injured, and also that several plates could be 
drilled through at once, and so made to fit very accurately 
together. He was, however, quite satisfied that if punching 
was carefully dohe, and care exercised In mdking templates for 
the holes required in the plates, the one plan would be equally as 
good in practice as the other. With reference to the two systems 
of riveting — ^viz. by machine or manual labour — ^riveting could, 
no doubt, be done as well, if not better, by hand than by the 
machine, that is, if care oe taken ; but, unfortunately, it was 
not to be depended unon ; work done in this manner was gene- 
rally piece-work, and he had frequently noticed the rivets left 
red hot aftet having been cupped, and the consequence was that 
rivets so left very rarely filled the holes. Such, therefore, being 
the case in practice, we must resort to the machine. There 
were, he believed, onlv.two kinds of machines in use — ^viz. steani 
and hydraulic ; and although there may not appear to be much 
difference between them in the class of work done, yet he must 
give tiie preference to the Kydi'aulic machine, as being the better, 
and woj-king more steadily ; and he might remark, that in ma- 
chine riveting it \yas well to have a self-acting apparatus to keep 
the cup on each rivet the same length of time, and so get a mii- 
formity throughout. In the rivets themselves one important 
point was often omitlecL and that was ^to have the heads a 
good size and strong. He preferred the cup heads. As re- 
garded joints being found leaking, he was afraid the fault very 
often arose from the rivet heaos being defective, or the me- 
thod adopted in caulking the joints. He had frequently seen 
the edges of the plates opened out by too mucn caulking, 
which was most injurious. He had seen a boiler with no 
caulking at all, perfectly steam-tight, except at two places; 
this was merely an experiment to tiy whether such could be 
done. As to cold rivets, he had had no experience with them 
above -i^ths in. diameter, and he was hardly prepared to say 
what advantage, if any, there was over a hot nvet, except that 
rivets made (if defective iron could not b^ riveted cold. He 
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would now direct attention to Plate A, to lay before the meeting 
sotne experiments made with a view of trying the merits of 
different sizes and centre distances of rivets for boilers, &c. In 
Fig. 1 it would be seen that the action of the punch caused the 
plate to bend a little, in consequence of the diameter of the hole 
m the die being larger than the punch ; this ought, however, 
not to exceed ^th of an inch. He might here remark that the 
durability of a punch was much increased by having the end 
rounded as shown. Figs. 2 and 3 show the plates as they may 
be put together (the curvature of the plates being drawn to an 
exaggerated scale)) but he thought that all practical men would 
agree that Fig. 2 was the best way, as the ragged edges caused 
by the punching were on the outside, and not between the joints, 
as in Fig. 3. It had been found in practice that by putting the 
plates together as in Fig* 2 there was a better chance of getting 
a perfectly tight joint. Fig. 4 shows two* plates as put together 
for the eicpenments. The results are given on Plate A. 

Mr. OLRtCK said that Mr. Baldwin, in his paper, stated that 
the shearing force was 50,000 lb., and the tensile forces 51,000 lb. 
Those figures were quoted from JProfessor Rankine's book, but he 
did not oelieve they could be correctly applied to the case of 
boilers, because the iron in the plates, which varied to a very 
great extent, was generally of inferior quality to that of the 
rivets. The two areas being the same, the strength of the plate 
and the rivet ought theoretically to be the same ; but when the 
great variety in tlie quality of iron was taken into consideration, 
it would be seen clearly that it was impossible to get all varieties 
to range under the same formula. And although there were 
inferior rivets used, still it was only cheap-jacks that used them. 
Eighteen tons to the square inch might be taken as the average 
strength of a boiler plate, while a good rivet would bear from 
23 to 25 tons per square inch. There was another point which, 
according to nis opinion, it was impossible to bring xmder a 
mathematical formula, that was the friction between the plates 
caused by the riveting. Some said — and Mr. Fairbaim was 
amongst them — that it was next to nothing ; but other persons 
of almost equal eminence had found that it was very con- 
siderable, even amounting to as much as 4 or 5 tons. In some 
experiments which had been made to prove the friction between 
plates, the rivet-holes in the plates had been made eccentric, so 
as to allow the friction between the two plates to be ascertained 
before the rivet was firmly gripped by the plates which had 
been forced to slide on each other, until those parts of the rivet- 
holes which were farthest away at the commencement of the expe- 
riment were in close contact with the rivet, and the amount of 
{Strain necessary to overcome the friction of the two plates in 
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contact had been as much as 4 or 5 tons before it came to the 
other extremity of the rivet-hole. That was 4 or 5 tons per 
square inch of the section of the rivet. There was also another 
point whicli was difHcult to determine, namely, to what extent 
the plate may have been injured by punching. He next came 
to that part of the paper in which the author stated that a 2 in. 
pitch was almost universal, and that he had never been able to 
get a correct explanation why it should be so. In the olden 
time it was believed that a riveted joint was stronger than a 
solid plate ; this seems strange to us, for by simple calculation 
what the strength of a joint made from f plate, J rivet, and 
having 2 in. pitch, ought to be, we find that the plate is in pro- 
portion to the joint as 1 to "625, and the plate is m proportion to 
the rivet as 1 to '588, and the area of a unit of 2 in. of plate 
is '75 square inches. By the unit of a joint he meant a piece of 
the seam corresponding in length with the pitch of the rivets; 
and in such a unit of a seam made of ^ in. plates, and a rivet 
of I in., the section of the solid plate womd be *75 square inch ; 
and, deducting the area of the rivet, the joint would be '46875 ; the 
rivet would be '4417, and consequently the strength of the joint 
was only '625 of that of the solia plate. Mr. Fairbairn ^ves '56, 
which IS accounted for by additional weakness from punching. 
For a ^in. plate, with the other figures the same, that is, a 
diameter of nvet of | in. and a pitch of 2 in., the solid plate was 
1 square inch, the joint was •625, and the | rivet '441 ; whereas 
a i rivet was '6015, and a -fl rivet was '5185. It was stated by 
Mr. Baldwin that a fin. plate, riveted up in the manner 
described, was as strong as a ^ in. plate. He (Mr. Olrick) did 
not believe that was correct; firstly, because there was more 
stuff in the ^ in. plate to resist the tendency to bend the plates 
under strain into a straight line ; and, next, the joint is always 
tighter or easier to make tight by caulking than the | in. one ; 
and, lastly, there is more stuff to resist internal and external 
corrosion. As, however, Mr. Baldwin prefers figures, he (Mr. 
Olrick) would also prove by figures that this statement was 
erroneous. In a joint made of ^ in. plates, with 2 in. pitch and 
I in. rivets, the area of a unit was '625, and the rivet '4417. 
He npw multiplied the area of the plate with 18 tons, which is 
ec[ual to 40,3201b., and got by that multiplication 25,2001b. 
For the | in. plate and everything else the same — 18 tons times 
the area of the joint, which was '46875, gave nearly 18,9001b. 
There was, consequently, 6000 lb. difference between these 
figures. The | in. rivet was used in both cases. The area of 
that was -4417, and that multiplied by 56,000 lb. (25 tons) 
gave 24,735 lb., which was a very close approximation to the 
strength of the ^ in. plate; but Mr. Baldwin said, in his paper, 
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that the f in. joint was just as strong as the ^ in. one, while 
these figures showed that that was not the case, the ^in. plate 
being nearly 6000 lb. weaker than the other. He assumed the 
best workmanship and the best rivets, which would stand a 
tensile strain of 25 tons to the square inch. Respecting the next 
point to which he should refer, he should have to mfFer from 
Mr. Baldwin and Mr. Pendred. Mr. Baldwin said that the use 
of a i in. plate would make the boiler 25 per cent, dearer; and 
Mr. tendred corrected that by saying 33 per cent. In his 
(Mr. Olrick's) opinion, they were lar in excess. It was per- 
fectly correct that adding |^ in. to | in. would be an addition of 
one-third, or 33 per cent., to the thickness; but both Mr. 
Baldwin and Mr. Pendred had forgotten that that was only a 
difference in the material, and unless the boilers were sold by 
the ton it would make very little difference in the cost. 

Mr. Pendred said he did not wish it to be understood that he 
endorsed Mr. Baldwin's opinion of the cost at all. He gave no 
opinion ; he mereljy corrected Mr. Baldwin's statement. 

Mr. Olrick said that instead of Mr. Pendred making Mr. 
Baldwin's view better, he made it worse. 

Mr. Pendred said he merely corrected it ; he gave no opinion 
at all himself. 

Mr. Olrick said he now came to formula (4), and applying 

same, he got by calculation the pitch equal to — — — ^ + '75, 

'olO X Ol,Ul/U 

which was eoual to 1*9 in. pitch, and that would be in practice 
2 in. pitch. This showed that, according to Mr. Baldwm's own 
formula, he (Mr. Olrick) got a pitch whicn Mr. Baldwin to some 
extent condemned. If we referred to formula (6), we would get 
1'928 in. pitch; and as the rivet was generally larger than exactly 
} in.— or at any rate the hole was — the rivet would be increased 
in diameter by riveting by about -j^^th of an inch. We would, 
consequently, get a pitch of about 2 in. Mr. Baldwin next 
referred to Mr. Fairbaim's Table, giving thickness of plates, 
diameter of rivets, and the pitch of the rivets ; and applying 
these data, he finds by his equation (5) the values of n in 
Table I., colunm 5 ; but several of these values were incorrect, 
as Mr. Baldwin had not checked Mr. Fairbairn's Table before he 
used same, which would have prevented his being led into these 
inaccuracies. He (Mr. Olrick) now produced Mr. Fairbairn's 
Table ag corrected by him ; 
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The Corrected Pairbairn Table. 



Plate 


Bivet 


Pitch 




n 
by 


^ 


d. 


J?- 


a. 


equation (5). 


•I'ff 


•375 ^ 


1-25 ■) „ 
1-50 j^ 


•11044 


33670 


i 


•500 f 2 
•625 r 


•19635 


39270 


A 


15625^ - 
V87& S ^ 


•3068 


52360 


i 


•75 ) 


•4417 


52349 


* 


•75 


20 


•4417 


46933 


i 


•75 ) 


20) 


•4417 


35336 


B 


•0375 f- 15 


25^4 


•6903 


35346 


* 


M25 ) 


30) 


•9940 


35343 



If this Table is compared with the original Fairbaim Table, 
several important inaccuracies will be found, which have led Mr. 
Baldwin into wrong deductions. It must licre be remembered 
that the figures 2, I- 5, 6, 5, 4 in the preceding Table are multi- 
pliers whicn must be multiplied with the thickness of the plate 
to get the diameter and pitch of the rivets. Taking as an 
example the first line for ^ in. plate, we get the diameter of the 
rivet by multiplying ^ by 2, which gives |, or '75 in. Again, 
multiplying f b^ 5 we get 1*875 in. as the pitch, and not 1'75, 
as stated in Fairbairn's Table. Now, applying this corrected 
figure in rule (5) we get 

22085 
n= 



22085 



= 52349 lb. 



(1-875--75) •375'" -421875" 
instead of 58,8931b., as given in Mr. Baldwin's column of 
Fairbaim's Table. Applying the same rule to J in. plates, we 
get 35,336 lb. instead of 43,666 lb. Keferrthg to the formula 
(A), the mean pitch for ^ in. plates would be 1-63 in., which he 
(Mr. Olrick) did not consider a good proportion; whereas, if 
the rivet was increased by ^'^th of an inch, the pitch would be 
1|- in., and with ^ in. rivets the pitch would be 2 in,, which was a 
far better proportion. 

Mr. Hoberts^s Table. 









Area of 


Area of 


t. 


d. 


p- 


Joint. 


Rivet. 


i 


i 


126 


•1875 


•1963 


1- 


* 


1-875 


•4218 


•4417 


tV 


i 


2-1875 


•5742 


•6013 


i 


1 


2-5 


•75 


•7854 



He had calculated the preceding Table from the formula given 
by Mr. Eoberts, who said that he took the thickness of the plate 
and multiplied by 2 to get the diameter of the rivet ; then, to 
get the pitch, he multiplied again the diameter of the rivet by 2^. 

/Google 
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With ^in. plates, rivets of Jin. diameters, and IJin. pitch, the 
area of the joint would be '1875. The area of the rivet would 
be, as shown in the Table, '1963. For | in. Mr. Roberts used a 
pitch of 1| in. There he got the rivet '44, and the joint '42. 
For 5 in. rivets he got also a larger area of rivet than of joints ; 
and so, although Mr. Eoberts had no doubt had a great many 
years' experience, yet it seemed to him (Mr. Olrick) that, when 
tested by the test he had applied, which was to multiply the area 
of the joint by the 18 tons, and the area of the rivet by 25 tons, 
Mr. Roberts's rivets would be far stronger than his joints — that 
is to say, the iron between the rivets. 

The resume of his remarks w^as the following : 
Mr. Baldwin had started from wrong data, and, consequently, 
he arrived at wrong results ; and as he (Mr. Olrick) had taken 
different data, he came to different and, as he believed, more 
correct results. He believed that, all things considered, the 2 in. 
pitch was not so bad as it was represented by Mr. Baldwin. It 
might be too much in many instances ; but they must, of course, 
be guided very much according to circumstances. And, again, 
it might be too small in others; but, if they increased the pitch 
too much, they would get a defective and leaky boiler, on account 
of too great a distance between the rivets. There was no doubt 
that unnecessary deviation from a standard pitch was objection- 
able, and should only be resorted to where it was actually neces- 
sary ; but the particular circumstances under which a boiler was 
to work must, of course, be considered; and a mathematical 
formula could therefore not be made to apply in all instances 
unless a co-efficient for each particular case were introduced, and 
that would no doubt be more trouble than good. A boiler made 
to carry 51b. pressure, and a boiler made to carry 1001b., were 
boilers working under quite different circumstances, and the 
practical engineer or boiler-maker would have to choose his pitch 
according to the varying circumstances. In reports of boiler ex- 
plosions he had never found any particular complaints against the 
2 in. pitch. At the last meeting, some remai'ks were made by 
Mr. (JargiU about rivets with skewed heads ; but really that was 
only bad workmanship ; and when they came to discuss a ques- 
tion of this sort he did not think it was worth while to bring all 
the cases of bad workmanship into notice, because, if they were 
taken into consideration, they would get an amount of rules that 
weuld really be of no practical value. Mr. Cargill also made 
some remarks about filling up holes, to the effect tnatarivet was 
better if the hole was not ouite filled up than when it was. He 
(Mr. Olrick) must respectiuUy decline to accede to that. He 
could not see any practical reason for it, and he should always be 
inclined to have the holes properly filled up. Mr. Roberts cor- 
roborated that view in several distinct instances. When the 
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holes were not properly filled up, aiid the hydraulic test was ap- 
plied to the boiler, there was no doubt the plates midit actually 
De shifted out of their original place ; but he (Mr. Olrick) was 
afraid there would then be no possibility to ^t that boiler tight 

r' 1 after the plates had been shifting aoout in this manner. 
Boberts stated that from some experiments of his he found 
that the holes were seldom properly fiUed up when the length of 
the rivets were three times tneir diameter. Thus, in the case of 
fin. rivet& the length would be 2^ in.; but, of course, such a length 
between tne head and the snap of the rivet would seldom or never 
be found in boilers. 'Mr, Schonheyder made some remarks about 
" section ** and " surface." and he said that he (Mr. Olrick) ought 
to have said ^^ surface,' and not " section." When the strain 
was excessive on the rivets, no doubt there was a tendency in the 
bottom half of the rivet to crush the edge of the plate ; and if it 
commenced to crush it, rents in different directions were sure to 
follow. He admitted that "section" was not a well-chosen ex- 
pression, but it was, at any rate, better than " surface ;" for what 
nad they to consider in the case he had pointed out? They had 
to consider, not the surface of one-half of the rivet-hole, which 

would be expressed by —^ , but they had to consider only the 

projected section, which would be expressed hy dt; so, conse- 
quentlv, if he was wrong in expressing himself, at any rate the 
name ne gave it corresponded with the mathematical expression. 
The wora " surface " did not apply, because they had nothing to 
do with the surface. 

Obdinabt Singlb-biveted Joint. 
d=i", t=i", P=2". 




Unit of Joint 




DOUBLE-BIVETED JoiNTS. 

d^{i'\ «=r, P=2,V, D=2". 



e — e — ©■ 



■e — e — e-\t 
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He now came to doable-riveted joints. He had exhibited a 
sketch of a joint, A, which was ffiven to him by Mr. Alexander. 
It had a pitch of 2Ath8. The diameter of the rivet was -f^ths, 
and the thickness of the plate ^ an inch. The distance, D, was 
2 in., and the distance from the centre of the rivet'row to the 
edge of the plate was 1 Jth, and from centre to centre of the 
rivet-rows it was l^in. Joint B was a double-riveted joint 
which he had used himself. The diameter of the rivets was | in. ; 
thickness of the plate, fths ; pitch, 2 in. ; and the distance, D, 
measured diagonally, If in. They would find that the distance 
from the rivets to the outside of the plate was equal to the dia- 
meter of the rivet. The total distance from edge of plate to edge 
of plate was five times | of an inch, which ^ave 3} m. Joint 
was proposed for some locomotives now bemg made. The dia- 
meter of the rivets was only ^ an inch ; thickness of plates, -f^ths 
of an inch ; pitch, l^^^ths in. ; and the distance, measured dia- 
gonally, was also l-A-ths in. It was, consequently, an entirely 
isosceles triangle. The same objections which he (Mr. Olrick) 
had mentioned relating to single-riveted joints did equally apply 
to r'juble-riveted joints, and he should therefore aostain jfrom 
repeating them. There was one point which he could not pass 
over without calling attention to. The author said : " In circular 
steam-boilers with two flues the strain on the riveted joints is very 
variable," &c. That was a point which he did not consider quite 
correct, as he hoped to prove. It ought to be a strain of 2 to 1, 
and not 3 to 1. He had put it in figures, as the members wou^i] 
then be better able to understand his assertion : ^ 
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Let d= diameter of boiler in inches, 
f= length of do. in inches, 
P= pressure in lb. per square inch, 
^=: 3-1416; 
Then d ZP= total strain tending to tear the boiler asunder Ion- 
gitudinally ; 

And 2 Zi=the area of plate in the shell resisting and ba- 
lancing the above strain. 
From this we get: 

(1) 'H7~="o"J which gives us the thickness of the 

^ ' Zi It /it 

boiler-plate, when rupture is about to take place, under a steam 
pressure, P. This applies, however, only to a strain tending to 
tear the boiler longitudinally. 

Next d"2P=total strain tending to tear the boiler asunder 

transversely ; 

andcffl-isthe area of plate in the shell resisting and 
balancing the above strain (on the point of fracture). 
From this we get : 

AT 

v^ — t; =-7-, which gives us the thickness of 

the boiler plate, when rupture is about to take place, under a 
steam pressure, P. This applies, however, only to a strain 
tending to tear the boiler transversely ; and when we compare 
this formula with the above, we find that the boiler is of double 
the strength transversely compared with the longitudinal 
strength. 

Mr. Baldwin said, that Mr. Olrick had left out the flues of 
the boiler. He (Mr. Baldwin) had taken the case of a two-flued 
boiler, and Mr. Olrick had not taken out the area of the flues 
in calculating the strain upon the end of the boiler. 

Mr. Pendi^ed said, Mr. Olrick had left out the substance of 
the flue. 

Mr. Olhick said, that when such an exception was made it 
ought to have been explained in the paper. 

Mr. Baldwin said, two flues were mentioned. 

Mr. Olrick said, that although the flues were stays, still there 
were many boilers without flues ; and therefore it did not remove 
the fact that longitudinally the boilers were only half as strong as 
transversely. At the end of the paper, Mr. Baldwin remarked 
that m Lancashire and Yorkshire it was usual to use a 2 in. 
pitch and J in. rivets, whether the plates were ^ths, ^^gths, or 
\ an inch, and that that practice could not be too much con- 
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demned. He was sorry to say that it seemed to him th^t the 
very remarks proved that it was better to maintain what he 
condemned, because it was preferable to have a standard pitch 
as was used by those men who had to do with hundreds and, he 
mi^ht say, thousands of boilers. He believed that practical ex- 
perience was far better than even the experiments made by Mr. 
Fairbaim and other eminent men. He would now make two or 
three remarks in respect to the Norwich explosion. He had 
seen a very explicit description of the boiler, and found it was a 
double-riveted boiler ; but when he came to calculate what that 
boiler ought to have stood for an ordinary working pressure, 
which was 100 lb. to the sauare inch, he found that not more 
than 85 lb. ought to have oeen put upon it regularly ; and he 
also found that the hydraulic test which was appued was as much 
as 2401b. to the square inch; consequently, nearly three times 
the working pressure. That was far above what ought to be 
applied. For two days there was a constant pressure of 200 lb. . 
on it. In many firms it was usual to use the hydraulic test to 
double the working pressure, but he believed that if, instead of 
using cold water, they were to use the water boiling hot, and 
then test the boiler 50 per cent, more than the. maximum work- 
ing pressure, that would be far better, and, using the hot water, 
more equal to the circumstances under which the boiler would 
work in general. Mr. Hendry had gone fully into the question 
of punched versus drilled holes. He (Mr. Olrick) would merely 
say, in reference to that, that when the holes were punched flaws 
in the plate could be detected, whereas if the holes were drilled 
a flaw could not be detected — on the contrary, the drilling would 
conceal it. No doubt steam riveting for straight seams was 
preferable to hand-riveting, because it did not interfere with the 
crystallisation of the iron of the rivet. As to not knocking down 
the end of the rivet till it was perfectly cool, he did not believe 
in that. He believed that one reason, though one often neg- 
lected, why makers could not make boilers tight was that they 
never caulked them inside as well as outside. No doubt the 
whole question of boiler-making required much more light than 
they at present possessed ; but, although they might differ from 
Mr. Baldwin, they were all much obliged to him for bringing 
such an important question before them to be fairly discussed. 

Mr. Egberts said that, with regard to the formula he gave at 
the last meeting, he certainly did not lay any great claim to origi- 
nality. It appeared a very simple matter, and he was surprised at 
Mr. Olrick nnding fault with the slight extra strength in the area 
of the rivet. It worked out very 3osely, and he did not think 
there was much to grumble at. The difference was very little. 
In a J in. plate one would be '1875, and the other '196 ; and 

V 
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it was no good to giy« elaborate formtda to the workman; 
a plain role was the most serviceahlfi to him. He (Mr. Roberts) 
agreed with Mr. Ohnck that practical experience was better than 
experiments, and certainly it was very much better than theory. 
Theorising for six months would never make a boiler. According 
to his promise, he had made a few experiments since the last 
meeting. [The experimental specimens were exhibited.] In 
the first place, there was a piece of plate (Fig. 1, Plate B) with a 
single rivet in it, to ascertain what the sheanng strain would be. 
Mr. Baldwin, upon the authority of Mr. Fairbaim and Professor 
Bankine, gave it at 50,000 lb* per inch. The rivet exhibited 
sheared on at 9| tons. That was exactly 50,158 lb. to the 
inch. 

The Peesibbnt asked whether that was any particular mark 
of rivet iron. 

Mr. BoBEBTg replied that it was the Thames Iron Works 
best brand. He next riveted two pieces of plate together with 

Eunched holes. On putting this mto the testing-machine, it 
roke across the rivet-holes at 17^ tons (Fig. 2), which was 
equal to 46,806 lb. per square inch of section. That was only 
ordinary plate. He then took one piece of the same iron, and 
broke it without any holes in it (Fig. 3), and found that it bore 
a strain of 26| tons. That was,* as nearly as possible, about 
40,133 lb. to the square inch. 

The President asked how Mr. Roberts got the gripe of it. 
Mr. Roberts said he did it bv the ordinary gripe — simply 
wedges (see Fig. 7). The strain in this case was nearly 
40,1331b. per inch. That was about 11^ per cent, less than 
the section with the punched holes bore, ana he had no doubt 
whatever that 11 J per cent, was due to the gripe of the rivet. 
He drilled three holes in the same manner, with the same pitch, 
namely, his own. That was 2^ diameters, and that was tested in 
precisely the same way. That bore (Fig. 4) 64,495 lb. to the 
square inch of section, which was very considerably indeed 
above the punched plates ; and upon taking the piece that broke 
in the same manner as the first piece, ana testing it again, he 

got 28| tons (Fig. 5) ; so that the result is, that the one plate 
roke at 40,133 lb. per square inch, the other at 42,361 lb. 

The PREsmENT said, ne supposed Mr. Roberts did not con- 
sider this iron better than the other on that account. 

Mr. Roberts said, it was the same plate precisely, only one 
was drilled and the other punched. 

The President said, the specimen had all the appearance of 
an iron that might stand a greater tensile strain ; there was no 
stretch in it. 

Mr. Roberts said, they were all got from the sfune plate ; 
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now, by adding 46,806 lb., tbe breaMng strain of the punched 
plates, to 54,495 lb., the breaking strain of the drilled plates, the 
mean of those two results would give 50,650 lb. as the breaking 
strain of the plate, against 50,1581b. for the rivet; so they 
might come to the conclusion thev were pretty nearly at the 
correct pitch. Then, to go a little further, he took two more 
pieces of the same plate, and riveted them with two rivets only 
(Fig. 6). One brote across the two rivet-holes, and that broke 
from a little lower strain. Through having only two rivets, the 
plates were much more bent than when there were three rivets. 
This specimen with two rivets broke at 17 tons, giving only 
45,668 lb. ; so that although the drilled holes came considerably 
over the 60,0001b., the shearing strain of the rivets — just as 
much over as the punched holes came imder it — still it gave a mean 
between the two. The metal used was ordinary Staffordshire 
iron. The experiments spoke for themselves. With reference 
to Mr. Pendred's remarks, he had brought specimens (Fig. 8) to 
show the perfect filling of the holes by the rivets. Three had 

Sunched holes, a, 6, <?, the remainder were produced by the same 
rill, and all the rivets were of the same size. They would observe 
that none of the long rivets filled up the holes, except for a short 
distance near the pomt. The two end rivets closed the holes up 
very nicely, or very fairly. In one case, c, three plates were 
punched, and the rivets did not close the holes up quite so well, 
although the rivets were put in as tight as they would go. Since 
the above discussion, I have had an opportunity of examining 
some machine riveting, and find that so far from its having the 
advantage claimed for it bv Mr. Cargill, viz. keeping the axis of 
the rivet exactly opposite the head, not 5 per cent, were in that 
condition ; and, taking this as a fair sample, consider it wholly 
unfit for high-pressure boiler-work, or even for boilers intended 
to work at pressure of 50 lb. per inch. 

Mr. Cargill said that Mr. Olrick had taken exceptions to 
some remarks made bv him (Mr. OargilH at the last meeting as 
to machine and hana riveting. Mr. Omck said that they nad 
no right to take the circumstance of bad workmanship into con- 
sideration in deducing rules. That was correct ; but in claiming 
advantage for machine riveting he (Mr. Cargill) merely claimed 
those advantages which belonged to the use of all machinery 
compared with hand labour. As a rule, machine labour did not 
come up to what could be done by the very best hand labour ; 
but what was lost in one way was gained in another. The value 
of a machine was that it would do the work thoroughly and 
uniformly, while men required cx)nstant supervision. Ete had 
said at the last meeting that the French engineers had tried 
some experiments with nvets in which the holes were not quite 

n2 
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filled up. Mr. Olrick, in remarking upon Mr. Baldwin's paper, 
had, by a different processof reasoning from himself (Mr.Cargill), 
arrived at the same result. It appeared to him that in the con- 
sideration of the joints there haa been an element neglected ; 
that was the bearing surface of the plate upon the rivet. It 
seemed to be considered that there was nothing more to do but 
to obtain a sufficient area of rivets, and the thin^ was done. 
Where joints were designed in that way, and subjected to a 
breaking strain, the plates would hold, and the rivets go. It 
was not so much the area of the rivet that they would have to 
take into consideration in a joint, but its efficiency. That was 
the limit of the power it exercised upon the plate. It could not 
be assumed solely that the plates were to cut the rivets, or the 
rivet cut the plate ; and, therefore, he should design the rivets 
in a different manner to that given by the formula in the paper 
by Mr. Baldwin. He should take its efficiency as the crushmg 
weight of the plate bearing upon it. In designing any structure 
they must design for the weaKest part, and not for the strongest. 
If they designed for the strongest part of the joint, there was so 
much waste, because the weaker part would not bear the strain. 
Although the result of Mr.Fairbairn's experiments bore out pretty 
well the rule that the area of the rivet should be proportionate 
to the area of the nett section of the plate, yet he only used one 
wrapper on the top. That was bad policy. It was remarked at 
the last meeting that a lap joint was stronger than a butt joint. 
He thought it was very probable that a lap joint would be 
stronger than a butt joint with only one wrapper. The reason 
why a lap joint was stronger than a butt joint with one wrapper 
was that the section of the whole shell was never less anywhere 
than the section of the thinnest plate. At the joint itself, 
in a butt joint, the section was absolutely nothing at all, and 
they had to make up the loss of section by a wrapper. In the 
other case, the joint was made part and parcel of the whole 
boiler. That was the reason why the lap joint would be stronger 
than a butt joint w^ith one wrapper. Mr. Roberts had said 
that it was no use giving formulae to boiler-makers. That was 
very true, but the resmt of the formulae might be given, which 
would be sufficient. 

Mr. Roberts : If a man understood it. 
Mr. Cargill said, the men would understand the one just as 
well as the other. 

Mr. Roberts said his experience was otherwise. 
Mr. Cargill said, that ii a foreman did not know how to use 
the results of a formula, the sooner they knew it the better. He 
did not himself see that there was any difficulty in applying a 
formula practically, so that it could be understood by men in 
the position of foremen. 
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Mr. Jensen said^ it struck him that Mr. CMrick had made a 
mistake in comparing the strength of the rivets with that of the 
joints, because he had overlooked that the shearing strength 
was a different thing from the tensile strength. He put the 
tensile strength of the rivet down as 25 tons, but the snearing 
strength would be only |ths of that. Applying that to all the 
different results that Mr. Olrick had worked out, they would be 
very materially altered. 

The President asked if Mr. Jensen would give some autho- 
rity for that, because it was a very important point. Mr. Jensen 
must be quite aware that many people believed the tensile strain 
to be the same as the shearing strain, and there were several 
experiments which went very strongly to prove that it was the 
same. 

!Mr. Jensen said he thought it would be found that Mr. Ran- 
kine said the shearing strain was only |ths of the tensile. 

Mr. Olrick said tnat Mr. Fairbaim stated in his book that it 
was equal. 

The President said, that in a very large hydraulic shearing- 
press, made by Tangye Brothers, of Birmingham, which was 
intended to work up to some 200 or 300 tons, it was found, in 
cutting railway tires of 10 square inches, that the shearing strain 
was almost exactly equal to the known tensile strain of the bar. 

Mr. Jensen said, he went by what Professor Rankine had laid 
down in his standard works, and according to that* there would 
be a very great difference in the results. The formula and 
practice of Mr. Roberts seemed to point the same way. 

Mr. Davy said, he understood that in the experiments that had 
been made the joints had been put together and the strain had 
been put upon them without any caulking at all. He believed 
that caulking a joint seriously affected it, and in making expe- 
riments for me purpose of preparing data for calculating strams 
in order to come to correct results the joints should be caulked. 
Mr. Olrick alluded to the resistance caused by mere friction 
of the surfaces of riveted plates as 4 or 5 tons. Perhaps he 
took that from Mr. Clark's work, in which he gave from 4 to 
8 tons for rivets up to 3 in. long. It was evident that in caulk- 
ing a joint, especially if a considerable lap is given, the plate 
would be buckled, and consequently that would destroy the 
frictional resistance of the plates to some extent, and if it be 
caulked both inside and out the result would be greater ; but 
caulking with a double-riveted joint could not so senously affect 
it, as the area of the plates between the two rows of rivets could 
not be buckled. He should like to know whether any gentleman 
had experimented in order to determine the difference between 
a joint which was caulked and one which was not. Mr. Hendry 
had drawn a joint to represent the buckling of the plate conse- 
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quent upon indirect strain, but that was not exactly the case in 
which the strain was put upon the joint of a boiler. When the 
joints were put togetner in the boiler, the line of the true circle 
could not generally be found to cross the rivet in the centre, if 
the plates were actually segments of a circle ; but in putting the 

()lates together one was buckled out a little, and the other in a 
ittle, so that the true circle would pass nearly in a direct line 
with the plates, and probably that would have a good effect. 

Mr. Olrick read a communication from Mr, Alexander: 
" We are all aware that the 2 in. pitch is by no means invari- 
able, but is altered considerably to suit different thicknesses of 
plates and diameters of rivets. He did not doubt that the table of 
pitches given in Mr. Baldwin's second table, if carried out in prac- 
tice, would give very good results ; but the relation of the com- 
pressed surface of the plate against the semicircumf erence of the 
rivets to the other dimensions was, he thought, sometimes im- 
portant, and does not appear to be considered in the paper, so far 
as he had seen it. If this surface was too small and inadequate to 
resist the strain, it began to crush^ leading to a partial fracture 
of the plate at the rivet-holes, and hence to the rupture of the 
remainder of the plate in detail by tearing. The resistance to 
crushing is measured by the diameter of the rivet x the thick- 
ness of plate ; and if the relation of this surface is perfectly ad- 
justed to the section of plate between rivet-holes, then (P— rf) 

tzz^dtc : — c being a co-efficient to be determined, and ought to be 
■p J ' 

constant.' Then C= , ; and if we assume that f in. rivets 

are sufficient for a pitch of 2 in., then —^ — = — ^ — -= 1*66= 0. 

As in the above fraction the consequence of increasing d in 
reference to P is to reduce the value of c, and this increase also 
reduces the pressure on the compressed surface per unit of area, 
« diminution of the co-efficient implies a stronger joint, in as far 
as there is risk of rupture from the crashing of the material^ and 
it is evident that the closely pitched joints are the strongest in 
this respect. Of course, this is not the most important considera- 
tion, but it is one which he thought ought not to be neglected 
in determining the exact proportion of an important joint. In 
Mr. Baldwin's Table this co-efficient does not remain con- 
stant; hence the joints are not equally good in this respect. 
Take the f in. plate, with 1 in. rivets and 2*2566 pitch, then 

^ = 1'2566 ; as there is less risk in this joint of tear- 
ing tlie scam from crushing than in the case previously supposed 
of a 1^ plate, with 2 in. pitch and | in. rivets. It we take the case of 
the three plates, each i in. thick, with |, -j-J, and % rivets, sup- 
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posed by Mr. Baldwin, the pitches given in Table IE. being 
1-6334, 1-8496, and 2-0776 respectively, the co-efficients are 
1-178, 1-276, and 1*375, as the largest pitch has a crushing strain 
on the material about 16 per cent, greater than the smallest 

i)itch. This does not, of course, subvert the conclusion that the 
arger pitch forms the strongest joint ; but it prevents us from 
assuming that the strength of the two joints will be exactly as 
the area of metal in tension, or as (1-6334— -7500) ="8834 : 
(2-0776 --8750) = 1-2026 in the two cases; i.e. that the larger 

Jiitched joints will be about 36 per cent, stronger than the other; 
or it is more apt to be destroyed in detail, as he explained, by the 
commencement of a crushing action round the rivet. The 
joint, he thought, required still more careful attention when thin 
steel plates were in question." 

The Hon. Sec. read the following letters from W. Fairbaim, 
Esq., and J. Pinchbeck, Esq. : 

Dear Sib, — I am personally obliged to Mr. Baldwin for the 
attention he has bestowed upon the question of riveted joints. 
I did not expect that my experimental researches would stand a 
perf ectlv uniform mathematical test, as my table of diameters, 
pitch of rivets, &c., was deduced from the experiments having 
reference to practical results. I am, however, glad to find, from 
Mr. Baldwin's investigations, that the proportions given in my 
paper for the joints of plates varying from -^^ to ^ in. in thickness 
approximate very closely to Mr. Bdfdwin's formula. 

In hopes of the subject being well ventilated at the forth- 
coming oiscussion, 

I am, dear Sir, yours faithfully, 

W. Fairbairn. 

A. Williams, Esq. 

Mr. Pinchbeck stated he could not agree with the writer of 
the paper, because he proceeded on the assumption that the 
strength of boiler plates and rivets were nearly equal, if their 
sectioit was the same. We all know that this is far from being 
the fact, and that the plate is seriously injured in the process of 
punching. Mathematical formula is all verv well, but if the 
starting-point is a fallacy it becomes a mockery and a snare. 
And this is the case here, for the influence of the Quality of the 
iron employed would be greater upon the pitch of the rivets in a 
boiler than the thickness of the plates themselves. Presuming 
as a general rule that" few boilers are made less than f thick, or 
more than ^, the distances given in the table show a difference 
of a fraction of an inch; it is, therefore, useless to trouble 
practical men with formula if the point of departure, viz. the 
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?[uality of the iron, varies more than does the result of such 
ormula. Again, boUer-makers who have self-acting punching 
machines, and punch two or three holes at a time, would find it 
extremely inconvenient to alter the pitch of the punches by 
a fraction of an inch. In practice the complication intro- 
duced by having three pitches for three thicknesses of plates 
would be found extremely annoying to the workman. If the 
rivet-holes in boilers could be placed slightljr out of the straight 
line to the extent of even one-half a diameter, he thought 
much strength would be gained at little extra trouble. All knew 
the effect produced if a series of nails were driven into a piece of 
planking in a straight line, but if the nails were driven alternately 
m two lines comparatively little injury was done to the timber. 
In a lesser degree the same thing takes place in the punching of 
plates. Nothing can be more injurious to boiler-work than 
much caulking ; when this is necessary, we may be certain the 
faces of the plates were not properly drawn together by the rivets, 
as should be the case. The effect of much caulking is to loosen 
the rivets, and to render it difficult to get them tight afterwards. 
If the edges of the plates are planed, very little caulking is 
necessary "to make the joints perfectly tight. A great deal 
might be said on this subject. He had seen workmen for days 
caulking a boiler, and the more they caulked the worse it 
leaked. He thought, therefore, too much care coidd not be 
taken to reduce the amount of hammering at the joints when 
the boiler had been riveted up. He wished, lastly, to observe 
that he thought it desirable that boiler-makers should anneal the 

flates before beginning to punch them, a practice he had himself 
oUowed for years. There could be no doubt the effect of the 
chill upon the iron during the process of rolling it was to render 
it brittle. The annealing to a certain extent restored its original 
ductability. Another advantage was that imperfections in the 

Elates themselves were more easily detected when they were red 
ot than when cold. Flaws by this means were discovered 
which would otherwise pass unnoticed, or only seen when the 
expense of punching and bending had been incurred. 

Mr. Olrick said, in answer to Mr. Davy, that the data as to 
the amount of friction between two plates riveted together, he 
had obtained from the manager of the works he had referred to, 
and not from Mr. Clark. 

Mr. Batley said that the first speaker at this meeting gave 
relative dimensions for the diameter of the punch and die. 
Those dimensions might be applicable to certain thickness of 
plate, as for instance -^ths or f ths ; but if the same clearance 
was used for ^in. or fths in., the injury done to the plate 
in the process of punching would be serious. He had seen 
a die used experimentally with a hole the same size as the 
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punch, and the plate actually split in punching. His own ex- 
perience was that the hole in tne die must vary considerably, 
according to the thickness of the plate. With regard to filling 
the holes with the rivets, there was certainly mucn diflSculty in 
so doing where the length of the rivet was considerable as com- 
pared with the diameter. But he thought more depended upon 
the mode of heating the rivet than upon its length. In almost 
all cases of hand riveting the rivet was heated in a portable forge 
through a plate which protected the head from the action of the 
fire to a considerable extent : they would frequently find the 
point at welding heat when the head was nearly black. In his 
own experience, both in hand and machine riveting, he found 
that a small furnace was far preferable to a portable forge. A 
furaace might be made perfectly portable, and in it the rivet 
would be heated all over, and, consequently, it would fill the 
hole under the head as well as under the point. He had seen 
machine riveting in which it was necessary to employ acids to 
detect the division between the rivet and the plate, no line being 
shown on the planed surface, where the rivet passed through the 
plate. Mr. Hendry mentioned two classes of machine-riveting ; 
there were, however, three — viz. the steam riveting, hydraulic 
riveting, and also the mechanical riveter, in which the pressure 
was obtained by a cam or an eccentric. In the direct steam 
action the ram might be withdrawn before the rivet was fairly 
squeezed home. When the riveting was done by a cam the plates 
would be brought fairly together, and the rivets closed and par- 
tially cooled before the ram left the rivet. He much preferred 
that mode to either steam or hydraulic riveting. He always 
used rivets the heads of which were at least double the diameter 
of the body, so that they would get a good gripe over all the 
edges of the rivet-holes. With regard to the shearing and tensile 
strains, there certainly was a decidedly greater strength tension- 
ally than to resist shearing, but he had not gone sufficiently into 
that subject to say whether the difference was produced by the 
irregularity and roughness of the edge of the hole, which tended 
to cut into the rivet, orwhether it was simply the natural property 
of the iron. He had always found the shearing strength less 
than the tensile. 

Mr. Perky F. Nursey said that the object aimed at, both in 
the paper and in the discussion, was to determine how best to 
proauce a thoroughly good joint, and the best possible method of 
effecting it. That point was of the highest importance in all 
riveted joints, especially those of steam-boilers, where badly 
made joints often led to corrosion, thus weakening the boiler- 
plate, and frequently resulting in a fatal accident. The defects 
arising from riveted* lap-joints were, however, capable of remedy 
by departing from the course ordinarily followed in the con- 
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struction of the boiler. The principle adopted by the London 
and North- Western Railway Company was to form each length 
of the barrel of the locomotive boiler out of a single plate bent 
round into a complete circle, so as to have only one longitudinal 
joint instead of two. That joint was turned to the upper side of 
the barrel, so as to be in the steam space above the water-line ; 
and thus the difficulty of corrosion alon^ the longitudinal joint 
was to a great extent overcome. But tne locomotive engineer 
of the Midland Railway, some years since, adopted a still better 
method of construction, which consisted in having the plates 
rolled with thickened edges. By that plan it was found that the 
injury previously experienced from corrosion was entirely obvi- 
ated. In carrying out that plan the ordinary thickness of ^ in. 
was preserved in the body of the plate, the edges being thick- 
ened to f in., with a long gradual taper in the thickness about 
4 in. long. Where plates were flanged to do away with an angle- 
iron, the taper ensured a gradual springing of the plate, distributed 
over all that length, instead of the sudden bending concentrated 
at one point. The transverse circular joints were also formed 
with a similar section of thick-edge plate. By that mode of con- 
struction additional strength was gained, as the increased thick- 
ness of the plates between the rivet-holes compensated for the 
loss of section by the holes. As an instance of the practical 
working of this system, he (Mr. Nursey) would mention that one 
of the Midland locomotives worked fbr eleven years and a half 
with an ordinary boiler, which at the end of that time was 
extensively grooved and pitted. A new boiler with thick-edged 
plates was then substituted, and the engine had worked for nearly 
seven years, when an examination showed that the plates 
were free from grooving, although pitting had set in. But if 
that method prevented grooving, it did not remove the injurious 
strains which resulted wherever a lap-joint was used. An im- 

Srovement upon the last plan was to weld the joints, thus ren- 
ering the barrel truly cylindrical throughout. That was now 
done on the Midland Railway, where the longitudinal joints of 
the three rings forming the boiler-barrel were welded and united 
to each other with flush butt points. The meeting ends of each 
ring were turned in a lathe and united by covering strips formed 
of welded flush rings shrunk on over the joints and double 
riveted. Strengthening hoops were also shrunk on each of the 
centre plates ; they crossed the longitudinal joints, and were 
securea in place by a few rivets. The soundness of that system 
was apparent from the fact that a Midland engine with a boiler 
so constructed was started in 1847 — nineteen years since — and the 
original boiler-plates still stood, never requiring repairs, nor show- 
ing any signs of grooving. As regarded the strength of welded 
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as compared with that of riveted joints, it would seem that there 
was a gain on the side of the former. A comparison of the 
results of some experiments with welded joints with those made 
with riveted joints, and just given hy Mr. Kennedy, would place 
the matter in a clearer fight. Mr. W . Kirtley recently tola the 
Institution of Mechanical Engineers that strips of plate cut from 
some of the Midland welded ooilers to form the opening for the 
steam dome were tested with the following results : Three sets of 
strips were tested of 1 in., If in., and 1^ in. plate respectively, 
each piece being 7^ in. in length and cut transversely to the 
weld, which was in the centre of each piece. Twenty-tliree 
strips were tested in all, and of these eleven broke in the weld 
and twelve in the solid. A very fair average breaking strength 
of 20*6 tons per square inch was obtained. Eleven strips of the 
same plates unwelded were also tested, and gave an average 
breaking strain of 23*6 tons. The general result, therefore, was 
that more than half of the welded strips broke in the solid and 
not in the weld, and that the average breaking strength of the 
twenty-three welded plates was within one-eighth or the full 
strength of the eleven unwelded plates. Mr. Kennedy had 
stated the results of three experiments with riveted joints to be 
20 — 15 and 20 tons per square inch respectively. That at once 
clearly showed a per-centage in favour of the welded joints. In 
fact, the practice of welding instead of riveting the joints of loco- 
motive boilers had worked ' so well on the Midland line, that he 
(Mr. Nursey) believed that company had nineteen welded boilers 
in use, and were constructing all their new boilers on the same 
principle, employing special machinery for flanging, bending, and 
welding. 

Mr. Baldwin, in reply to the discussion, said that if he were 
to answer all that had been said, he should have to talk for the 
rest of the week. He would confine himself entirely to what 
bore upon his paper. The data from which he constructed that 
paper were chiefly the experiments of Mr. Fairbairn, made 
upon riveted joints, not upon plates unriveted ; and consequently 
everything that had been stated about the tension of the rivet 
acting upon the 'plate fell to his lot, so far as the resistance to 
sheanng was concerned. A great deal had been said about the 
shearing force and the tensile strain not being equal. In an 
experiment of Mr. Fairbaim's he found that the shearing force 
was as nearly equal to the tensile strain as it was possible to get 
it. When he read the paper he knew there was a slight differ^ 
ence, but he did not think it worth while to retain it in the 
results. As some of the members had challenged him by saying 
he forgot that riveted joints were weaker than the plate itselt, 
he mi^t refer to the formula A, B, 0, D, E, F, and so on, to 
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show that he knew something about that. His calculations 
very closely agreed with what Mr. Fairbaim had stated in the 
letter read that night. He (Mr. Baldwin) had read from the 
shorthand-writer's notes the remarks made by Mr. Bamaby, and 
he thought there was not very much to answer in them. He 
found that in a plate that Mr. Bamaby had punched he got 
10/^ tons as the breaking force, and then, on drilling a piece of 
iron, he got 11| tons. Those figures were very close indeed to 
his own, and he thought there was very little to be said against 
punching in favour of drilUng. It had been said it would be 
much better for boiler plates to be welded. He had been present 
at a few experiments with welded joints. He witnessed the 
experiment which Prof essor Rankine gave, which was performed 
at Messrs. Dunn, Hattersley and Co.'s works, in Manchester. 
The joint was tried by hydraulic pressure, and 30,000 lb. per 
square inch burst about 2 in. wide just in the weld. When 
there was a welded joint, and a bursting strain came upon the 
boiler, the weld must give way. Whatever might be said in 
favour of welded joints, he was of opinion that they would never 
be valuable for boilera. The experiments which Mr. Roberts 
had made completely upset all the speakers who opposed his views. 
Those experiments tola them what his (Mr, Bakiwin's) formula; 
told them — that the shearing strain and the tensile strain were 
nearly equal. He had been taunted in the papers about reasoning 
from incorrect data, but that data was experimental data. Mr. 
Roberts had said that when a steam-boiler was at work the rivets 
were under very different circmnstances than when they were 
being experimented with in plates; for when the boiler was 
working the rivet had not only a shearing but also a tensile 
strain upon it, and it would give way sooner when it had a tensile 




pitch remained constant, or vice versa. That would make no 
difference. If it were wished to keep a constant pitch throughout 
the boiler, let the diameter of the rivets be varied. He would 
now refer to the remarks made by Mr, Olrick about the longitu- 
dinal tension of the boiler-plates. If there had been no flues in 
the boiler, the relative tensions would be as 2 to 1 ; but the flues 
took away about- half the area of the end of the boiler, and Mr. 
Olrick had not deducted that. If he had done so, it would have 
been as 3 to 1, as stated in the paper. Mr. Olrick stated that 
he (Mr. Baldwin) had made a mistake in the Table where he had 
a i in. plate and a pitch of 1-75 in. He had taken that from 
Mr. Fairbaini's paper which was read before the Society of 
Arts. It gave a maximum strain of 58,893 lb. One gentleman 
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had spoken about templates. He should be very sorry to have a 
boiler that was made up by the use of templates alone. The 
only way in which a boiler with straight joints ought to be made 
was to punch it with a double punching machine, moving like a 
planing machine, so that it would punch whatever pitch it was 
set at. He had had, very recently, three boilers constructed 
with i in. plates and a If in. pitch for the rivets, and the rivets 
f in. in diameter. He had many times seen one of the boilers 
work at 105 lb. pressure. The diameter of the boilers was 6 ft., 
and they were 28 ft. long. He tested one of them at a hydraulic 
pressure of 198 lb. per square inch, and the others were tested 
up to 160 lb. It seemed to him that the subject of caulking was 
very badly understood. He should not dream for a moment that 
the caulking of a joint would bend or injure a plate. The 
surface between the plates was very small indeed on which the 
steam acted, being less than the 100th part of an inch, and con- 
sequently there was only a pressure of 1 lb. per inch in length in 
that part when the pressure in the boiler amounted to 1001b. 
per inch. The caulking ouriit to be done very nicely, and not 
with heavy hammers. Mr. Olrick had stated that the rivets in 
one instance were put in the form of isosceles triangles, but they 
were equilateral where the distance was the same every way, and 
that made a great deal of difference. The joint was better, pro- 
vided the distance was the same every way. In his Table the 
distance between the rivets was very small, and, if it was followed, 
they would get a double-riveted jomt of the strongest form. One 
gentleman had said something about putting tne rivets 3 in. 
asunder. He should try to get away from such a boiler if it had 
anything like one-fifth of what might be called its bursting 
pressure in it. He thought it was a mistake to suppose that 
boiler inspectors were all practical men. Many of tnem who 
went about to examine boilers did not go inside to look at them, 
and that was a very bad examination. He had been inside hun- 
dreds of boilers to examine the scale that was deposited upon 
them, and in many cases he had analysed the scale and found 
both carbonate of Ume and sulphate of lime in it. He had found 
boilers in the state described in the communication read by the 
Secretarjr. They appeared as if they had been cut at the edge 
of the plates. At Kochdale there were many boilers with small 
holes in the Lowmoor plate, just over the furnaces, as if small 
pellets had been taken out of them. Inspectors of the Boiler 
Association had said that they were caused bv the water ; others 
had said they were due to galvanic action ; but their origin had 
never been explained. Where the water was bad and the plate 

fot cut, the iron must go. No doubt many boiler explosions had 
een caused by corrosion. It had been said that, no matter 
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what the strength of the joint was, it was the plate which always 
gave way first. He regarded the plate as part of the joint, and, 
if corrosion took place at the joint, the boiler would be weakened 
at that part. 

The Pbesident said that the Society might sincerely congnt- 
tulate itself in bringing out so much information of real practical 
value upon a subject of such undoubted importance. It had 
struck him, in following the discussion, that they were in want 
of more experiments on the strength of riveted joints. No 
doubt Mr. Fairbaim's formulas were not far wrong, but there 
was great variability in the strength of boiler iron. There was 
reason to believe that a great deid of the iron used fell as low as 
15 tons to the square inch. 

Mr. EoBEBTS : Lower. 

The President said, perhaps it was lower, but he was speaking 
of what would not be considered positively defective iron. No 
doubt it occasionally went as high as 30 tons. Then there was 
the variation in the quality of rivet iron, though not to the same 
extent. It was well Known that in America tne boiler iron used 
was much thinner than in this country. He might say as a fact, 
that, on the leading lines of railway in the United States, boilers 
worKed regularly at 140 lb. or 150 lb. which were made of J in. 
iron and single riveted. Sometimes, but not often, the thickness 
was |. It was believed there that those plates were absolutely as 
strong as considerablv thicker plates. He never heard of grooving 
until he came to this country. He could not attribute the 
absence of grooving in the United States to anything but the 
use of thinner iron. The pitch of the rivets was very much the 
same as in England. No doubt the boilers in America stood as 
well as those in this country. If the attention of this Society or 
of its individual members could be directed to bring about a series 
of experiments, the result would be very valuable. 
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November 5thy 1866. 

ZERAH COLBURN, President, in the Chair. 

THE RAILWAY BRIDGE AT LA PLACE DE 
L'EUROPE, PARIS. 

By Thomas Cargill. 

As a nation, we undoubtedly enjoy the distinction of having 
been the first to introduce and adopt the present system of rail- 
way engineering. We were the pioneers of steam locomotion in 
France and on the Continent generally, and are, at this very 
time, actively engaged in caiTying into far distant lands the 
benefits which have accrued to ourselves, from its constituting 
the most prominent of our internal resources. Those who are 
the first to witness the advent of an improvement, whether its 
origin be fortuitous or otherwise, may naturally be expected to 
be also the first to imitate it, provided they have the sagacity 
to distinguish between an improvement and an innovation. 
Every innovation is not an improvement, nor is every novelty a 
reform. There are still railways in progress of construction in 
France whose professional head-quarters are to be found in 
Victoria and Great George streets ; but there is no question that 
a great proportion of the work formerly designed by English 
engineers and executed by English contractors is now carried 
out from first to last by the French themselves. They have 
now their own engineers and contractors, and we no longer 
possess a professional monopoly. Viewed in a jealous and 
narrow-minded light, this may appear a matter of regret, but to 
the man of enlightened mind, to the engineer anxious for the 
advancement of his profession, for the diffusion of its utility, 
and for the universal recognition of the truth and soundness of 
its principles, it is a subject of cordial con^tulation. A 
vast difference exists between an abstract prmciple, theory, 
formula, or equation, and its application to actual practical 
examples. The former are the embodied results of scientific 
researches and natural laws, and are unalterable; the latter is 
susceptible of infinite yaiiations. Given certain theoretical data 
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in common^ every engineer will deduce an identical theoretical 
result ; but no two will produce an identical practical result. 
The difference, probably, may not involve any departure from 
sound and established principles of construction, but it will, in 
all cases, be sufficiently marked to indicate that the designs 
emanated from different individuals. Thus, every nation will 

Eractically apply those principles of science which it may either 
ave discovered itself, or received from a neighbouring people, 
in a manner most in unison with its own particular tastes and 
ideas. Hence arises the diversity of execution attending similar 
designs, since the character and style of the work will always be, 
more or less, strongly tinctured with those peculiar habits and 
opinions which, in fact, constitute a nation's individuality. Con- 
sider the influence of succeeding nations upon architecture, and 
the manner in which various styles sprang into existence among 
different people. With respect to ourselves, it must be admitted, 
however unwillingly, that our ideas of architecture are be- 
coming rapidly merged into an appreciation of the capabilities 
of iron, and all our efforts to maintain its ancient granaeur and 
beauty are confined solely to ascertaining how far this modern 
substitute for stone and timber may be rendered subservient to 
its interests. If an engineer of the present day required an in- 
spiration to complete his design, Vulcan is the only deity he 
could legitimately invoke to his assistance. A stone bridge, of 
dimensions sufficient to render it worthy of the name, willsoon 
be a rarity, not only in this country, but on the Continent and 
elsewhere. 

The physical features of a country no doubt exercLse a con- 
siderable influence upon the most advantageous method of con- 
structing engineering works within its boundaries. So far as 
iron structures are concerned, they appear to be independent of 
this influence, for we have erected bridges and roofs in Russia 
and India, differing in no essential points from those put up in 
our own country. The introduction of railways and that of iron 
bridges was contemporaneous. Iron bridges may be divided 
into two principal classes — ^viz. those carrying railway traffic, and 
those carrying ordinary road or street traffic. It is only recently, 
comparatively speaking, that iron bridges have been employed 
for the purpose of carrying road or street traffic. They were 
generally confined, in the early days of railroads, to carrying 
the railway over an intervening space, and were consequently 
limited to under bridges. The over bridges were usually built 
of masonry or brickwork. Latterly, however, this restriction 
has been removed ; and considering the success that has, in every 
point of view, attended the erection of Westminster-bridge, and 
the probable success that will also accompany the construction 
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of new Blackfriars-bridge,* it is almost certain that our next 
street bridge over the Thames will be constnicted of a similar 
material. An example of the erection of a wrought-iron bridge 
for the purpose of carrying street traflSc has very recently been 
afforded in Paris. It is the object of the present paper to give a 
general and detailed account of this recent construction^ which 
possesses some features of peculiar interest to the engineer. 
The locality where this remarkable structure is erected is known 
by the name of " La Place de I'Europe," and is appropriately so 
termed, since it is the common focus to which converge six of 
the principal streets of Paris, named respectively "Eue de 
Londres," "Eue de Berlin," "Eue de St. Petersbourg," " Eue 
de Vienne," "Eue de Madrid," and " Eue de Constantinople." 
(Fig. 1.) Without reflection, it might be supposed, granting that 
there was a choice in the matter, that it is bad engineering to run 
a line across the junction of roads and streets, whereas it is in 
reality a point to be aimed at in laying out a line of railway, as 
one bridge thereby answers the purpose of several. It is true that 
it will probably be larger than any one of the others considered 
separately, but it is cheaper to build one good-sized bridge than 
three or four small ones, xhe late extensions of our metropolitan 
lines in and about London will furnish numerous examples of the 
junction of several roads and streets being crossed by railway 
bridges both under and over. The plan of the bridge evidently 
owes its peculiar and irregular shape to either the wish or the 
necessity for preserving the directions of the converging street 
unaltered. In London, where a glance at the railways is suffi- 
cient to convince the observer that the question of utility is 
taramount to every other consideration, we should uhhesitatingly 
ave sacrificed the gardens in the angular portions of the ground, 
diverted each pair of side streets into the main channels, Berlin 
and Madrid streets, and, by so doing, reduced the size and cost 
of the bridge to about a third of its present dimensions and 
value. There is very little doubt, however, that the engineer 
had no choice in the matter ; a paternal government marked out 
his ground-plan for him, and all that he had to do was to employ 
his professional skill and ability in designing the most suitable 
bridge under the circumstances. In consequence of the bridge 
being close to a station, viz. the terminus of St. Lazare, there 
are numerous sidings and turn-outs running in all directions 
under the bridge. The main lines are, therefore, considered to 
be parallel to two of the piers and to one of the abutments, and 
these latter will be referred to as the piers and abutment on the 
square, and the others as the pier and abutment on the skew. 
Tne shape of the bridge on plan (see Fig. 1) may be subdivided into 
three parts — ^the central portion, ABCD, and the two side portions 

o 
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or wings. The reason for the introduction of the skew pier is 
not by any means clear ; it appears to have been introduced for 
the purpose of giving an uniformity of span to a number of the 
intermediate girders, which have the other end resting upon the 
abutment on the skew, to which it is parallel. It certamly divides 
the whole distance, D F, at the] point J, into two spans ; but a 
single column of masonry or cast-iron pillar would nave accom- 
plished this result equally well, without necessitating a continued 
pier of masonry. The girders may be classed under the following 
neads— face-girders, or those which can be seen in elevation, 
looking from the railway on each side of the bridge; inter- 
mediate girders, or those running continuously from abutment 
to abutment; girders in the angles under the converging streets; 
and, lastly, the cross girders. The face-girders are six in num- 
ber, two of which CB, OG, are called the central girders, and 
are the only two absolutely identical in span and other details 
out of forty-one, which constitute the entire number of main 
^rders, as distinguished from cross girders. The span of these 
central girders is 82 ft. The remaining four face girders have 
the following spans : V, or that under " Rue de Vienne," has 
a span of 137*29 ft. ; L, or that under " Rue de Londres," is 
divided into two spans, of which the shorter is 72*62 ft. in 
length, and the longer 191'80ft., being the longest sinrie span 
of any girder in tne bridge. The girder C, under "line de 
Constantinople," is 137*25 ft. in span, and may be considered 
identical in all respects with that under "Rue de Vienne," 
as the difference in their relative spans is only 0*04 of a foot, 
or just half an inch. The other face girder P, under " Rue 
de St. Petersbourg," has a span of 112'47ft. With respect 
to the [rest of the main girders the plan of the bridge may 
be divided as follows: a central portion, comprising all the 
intermediate girders, and the four angular portions, connected 
respectively with the girders already mentioned. The interme- 
diate girders, running continuously from the square abutment 
to the skew one, are nine in number. Of these nine, Nos. 1, 2, 
3, 4 are regarded as continuous over three spans, and the re- 
mainder, Nos. 5, 6, 7, 8, 9, extend over four. Strictly speaking, 
Nos. 2, 8, and 4 are continuous over four spans, but the span 
beween the skew pier and the square one is so small as to be dis- 
regarded. It would be to no purpose to give the total span of 
all of these nine girders ; it will be sufficient to mention that 
the total span from abutment to abutment of the shortest, No. 1, 
is 304-81 ft. ; that of the longest. No. 9, 340-85 ft. ; and that of 
No. 5, 322-81 ; which may fairly be taken as the average total 
span of the whole nine, 'it will be seen that the three same 
spans in each girder have the same constant length. The span 
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from the square abutment to the square pier is constant for the 
whole nine, and is 98*40 ft. ; the central span, from one square 
pier to the other, is also constant, being 82 ft. in length ; and 
the span from the skew pier to the skew abutment is the same 
for all, and is 101'90 ft. in length. The variable quantity is 
the span between the square and the skew pier. The distance 
from centre to centre of the intermediate girders is 16*72 ft. 

Passing on to the girders situated in the angles of the bridge, 
we will commence witn those under " Rue de Londres." They are 
eleven in all, seven of which rest partly upon the skew abutment 
and partly upon the face-girder, and have an average span of 
64*23 ft. The remaining four bear at one end upon the skew 
abutment and at the other on the skew pier, and are not 
continuous over it. They have, therefore, a constant span of 
101*90 ft. The distance from centre to centre of the nine interme- 
diate girders is 18*14 ft., being about 18 in. more than that of 
the intermediate girders. The girders supporting "Rue de 
Vienne" are five in number, and supported partly by the square 
abutment and partly by the face-girder. Tlie span of the 
shortest is 21*95 ft., and that of the longest 97*19 ft. Of those 
under "Rue de Constantinople" the shortest has a span of 
23*40 ft., and the longest of 91*65 ft. Those under " Rue de St. 
Petersbourg^' are also five in nuAiber, the first having a span of 
7*20 ft., and the last of 102*29 ft. The girders under "Rue 
deVienne" and "Rue de Constantinople''* are 18*29 ft. apart 
from centre to centre, and those under " Rue de St. Peters- 
bourg^' are placed the same distance apart as the interme- 
diate girders. The reason for these Yarjang distances is pro- 
bably the desire to divide the spans of the face-girders mto 
a number of bearing points equally distant from one another. 
The cross girders are arranged parallel to one another, but their 
respective spans are not constant. Those in the central part of 
the bridge placed between the intermediate girders have a span 
of 15*21 ft., and those between the girders in the angles of 
18*92 ft. All the face girders are tvhat are known as double 
lattice girders, and, in order to preserve an uniformity of appear- 
ance in the elevation, have the same depth, although their spans 
vary considerably. The intermediate and the giraers under the 
side streets, with the exception of those under " Rue de Vienne," 
are also of the double-lattice form, but of a simpler description. 
The girders in the comers, in consequence of the limited dimen- 
sions of their spans, are single lattice girders. The girders 
resting upon the face-girder V are of the plate form, two or them 
being single or plate girders proper, and three of them being 
double, or what are known as box girders. The whole of the 
cross girders are plate girders. 

o2 
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One of the principal difficulties to be overcome In the con- 
struction of the present bridge arose from the streets being on 
different levels. It is a common enough observation that " facts 
are stubborn things." Well, levels are engineers' facts. They 
cannot be disregarded or got rid of. A diversion of a road or 
stream may frequently be accomplished in half a dozen different 
ways, but given a certain height to rise in a certain distance, and 
there is no choice but to adopt the only gradient that can be got. 
The rise in " Rue de Vieniie" is 1 in 28, the whole rise of the street 
being obtained in the span of the face-girder V, the roadway 
contmuing horizontal over the central part of the bridge. This 
difference of level is provided for bv constructing the girders 
resting upon the face-girder with ends of unequal depth. The 
consequence of this difference of level in the streets is to cause 
the roadway to be suspended at about the centre, vertically, of 
the face-girders, and to produce both an unpleasing and unscien- 
tific appearance (Fig. 3). The distribution of a load either over the 
top or bottom of a girder appears, so to speak, natural ; but the 
position given to in the elevation has not onljr rather an un- 
sightly appearance, but is the very worst position a load can 
occupy, smce it is in close proximity to the neutral axis of the 
girder. The actual disadvantage resulting from so placing the 
load depends, in a great measure, upon the amount of vibration 
exercised by the movable portion of it. In a bridge similar to 
that at " La Place de TEurope," where ordinary street traffic has 
only to be provided for, the concussive action of a moving load 
may be neglected, as it will be absorbed in the mass of the 
bridge, whose vis inertice would more than compensate for any 
slight shock occasioned by the passage of a very heavy weight. 
In railway bridges, unless of very large spans, these conditions 
are reversed, the movable load preponderating over the fixed or 
static load. The author considers that the face-girder supporting 
" Rue de Vienne" might have been placed on the incline of 1 in 
28, and the central gimers raised to the level of the present streets 
with considerable improvement in point of appearance. The 
roadway and its support would then appear in then* proper rela- 
tive 'positions, the centre of gravity of the whole structure, to- 
f ether with its load, would be lowered, and the rigidity of the 
ridge increased. The cost of raising the piers would be 
counterbalanced bv the reduced height in the abutment, and, 
if otherwise, the additional expense would be very trifling. The 
end spans of Lambeth-bridge are upon an incline of 1 in 23*33, 
and, although it is certainly a hideous structure, yet it is doubt- 
ful whether the inclination of the shore ends has anything to 
do with its want of beauty. The masonry of the Paris bridge 
presents no features worthy of particular notice. The piers and 
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abutments are faced with coursed ashlar, dressed and chamfered, 
and relieving arches are built in them between the solid pilasters, 
supporting the ends of the girders. The greatest pressure upon 
the square abutment is 1*86 tons per square foot; upon one of 
the SQuare piers and upon the skew abutments 2 tons, and upon 
the other square pier and upon the skew pier 3*2 tons per square 
foot. The greatest pressure per square foot immediately under 
the bearing of any of the large face-girders does not exceed 
3 tons. 

In a longitudinal section of a portion of the roadway (see 
Fig. 4), the cross girders are shown 6*56 ft. apart from centre to 
centre, and between them are turned arches of hollow bricks 
9 in. deep and weighing 0*145 ton per foot run. The haunches 
of the arches are filled in with thin concrete, weighing 0*1 08 ton 
per foot run. Over the arches is spread a layer of asphaltum, 
rather more than ^ in. in thickness, and weighing per same unit 
of length 0'0l8 ton. On the top of the asphaltum the metalling 
is laid ; it is 1 ft. in depth, and weighs 0*356 ton. Adding the 
weight of the cross gircler itself, equal to 0*032 ton per foot run, 
we obtain for the total weight supported by the cross girders per 
running foot 0*G6 ton, or nearly 13^ cwt. This weight, how- 
ever, is only constant for the cross girders situated in the angles 
of the streets and in the end spans of the intermediate girders. 
Those in the centre of the bridge, owing to the greater depth of 
metalling, carry half as much again, and may be therefore said 
to have a load per running foot of exactly 1 ton. Making W to 
equal the total weight per running foot, and putting d for the 

W 

distance of the cross girders apart, we find -7-=0*J006 ton, the 

weight per square foot of the cross girders and roadway. Adding 
a proof load of 0*0366 ton, we obtain 0*1372 ton as the total 
load per square foot. The weight of the main girder is, of course, 
not included in the above calculations. In a similar manner the 
maximum weight per square foot, occurring in the central part 
of the girder, will be found to be 0*1828 ton. The minimum 
load per superficial foot is therefore 2| cwt., and the maximum 
a little under 3 J cwt. Of this total load the portion 0*0366 ton 
represents the maximum live weight per square foot supposed to 
be brought upon the bridge, and is equal to 821b. This is 
nearly the proportion adhered to in many of our own bridges. 
In apportioning the live load upon a briclge, the chief points to 
be regarded are its size and character. A smaller load per 
square foot may be assumed as the maximum for a large bridge 
than for a small one, as the effect of any violent and sudden 
transition of a live weight will be more severeljr felt in the 
latter instance than in the former. Again, the situation and 
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character of the bridge determine whether the ordinary 
assumption of the weight of a dense crowd as a maximmn load 
is tenable or not. An iron bridge, especially a lattice, offers 
peculiar facilities for being load^ to an amount considerably 
above what could possibly come upon a stone bridge haying the 
same area. Imagine the bridge at La Place de I'Europe under 
the circumstances attending a public royal departure from the 
terminus of St. Lazare. It is not too much to assert that not 
only every inch of space available upon the roadway and foot- 
paths would be occupied, but every part of the sides and top ; 
every nook and corner into which a hand or foot could be 
inserted would be taken advantage of for the purpose of sight- 
seeing. Any bridge situated in a locaUty similar to the one in 
auestion is liable to be thus overloaded. The author has seen 
le chains of Lambeth-bridge covered with a live load, in addi- 
tion to that on the platfonn. 

The manner in which the final tlinist of the hollow brick 
arches supporting the roadway is disposed of is very ingenious 
(see Fig. 4). It is manifest that although the arches rest upon 
the cross girders, yet the thrust of each half arch is resisted by 
that of its neighbour, acting in the opposite direction. This 
process of thrust and resistance is continued until we come to 
the last half arch, which has no fellow to take its thrust. This 
thrust is not taken by the abutment, as might be supposed, but 
the following method is employed : The last cross girder, upon 
which the arch rests, is tied by strong plate braces to the last 
cross girder but one, at the points of its bearing upon the main 
frirders, thus transferring the thrust to these points. As an addi- 
tional precaution, the last two arches are tied, the last by a 
diaphragm, and the last but one by a flat tie rod. This arrange- 
ment makes the iron and brickwork to form one complete frame, 
so that if we were to imagine the whole superstructure lifted 
bodily off its supports, it would still be self-containing. K the 
thrust of the last half arches were taken by the abutments, the 
effects of the expansion, by alteration of the temperature of the 
main girders, would be accumulated upon them, and the conse- 
quences might be serious. By the method adopted, the total 
expansion is subdivided at every cross girder, and the effect upon 
each arch is inappreciable. 

The limits of a paper of this nature will not permit of a 
detailed investigation into the proportions and dimensions of the 
various girders constituting the superstructure of the bridge ; and, 
moreover, there would not be the sHghtest practical utility in 
attempting the task. A description of the details of the most 
prominent will anrply suffice to give a clear idea of the manner 
m which the work is designed and executed, and to multiply 



Digitized by LjOOQ IC 



LA PLACE DE L'EUBOPE, PABIS. 



199 



examples on a smaller scale would be wasting both time and 
labour. It has been already mentioned that the girder V, under 
" Rue de Vienne," has the same span as that under " Rue de Con- 
stantinople," and since that under ^' Rue de St. Petersbourg^' has a 
smaller span than both, we shall select the first as a fair type of 
the three. It is shown in elevation in Fi^. 5, and in section in 
Fig. 6. Its construction is peculiar, ana consists of two single 
lattice girders, connected by a strong vertical diaphragm, but 
with a small space left between the respective flanges. The 
span being 137*29 ft., and the depth 16*40 ft., the proportion is 

very large, being 5757- It is clear that the girders under "Rue de 

Vienne" transmit half of their load to the abutment, and half to 
the main girder V, and that, in consequence of the ineauality of 
these loads, the main girder is very unequally loaaed; the 
greatest weight being brought upon it at one extremity, and the 
least at the other. The girders are placed 18*30 ft. apart, and 
in order to find the total amount of the load brought upon the 
main girder we must first ascertain these weights separately. 
Taking the weight per square foot of the cr^ss girders and 
roadway, 0*1372 tons, and multiplying it by the distance, 18*30 ft., 
we .have 2*52 tons as the weight per foot run of the girders 
V2 to V« (Fig. 2), which is constant for all of them. To find the 
weight transmitted to the main girder by each of them, let P 
equal the constant weight of the foot rtin, and p the weight per 
foot run of each of the girders itself ; making I to equal the 
span, and W the weight brought upon the face girder by any of 

those V^ to VS we have W= (F±ll^^ in the annexed Table 

the weights, calculated by this formula, are given with the 
respective values of the letters : 

^-(P+|)_X/ p=2-51 tons. 
2 





•P 


I 


W 


y2 


0-089 


22-46 


29-198 


ys 


0-119 


42-21 


55-295 


V* 


0179 


61-03 


81-780 


V5 


0-270 


80-50 


111-895 


V6 


0-323 


99-84 


140-732 



Adding together these separate weights, we find the total load 
transmitted to the main girder to fe 419 tons. The gfarder 
itself weighs 82 tons, which will make the total weight it has to 
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carry, in round numbers, 500 tons, which is equivalent to 3*65 
tons per running foot uniformly distributed over it. From the 
unequal manner in which the load is brought upon the girder, it 
cannot be designed upon the usual hypothesis of an uniformly 
distributed load, and will, therefore, present two principal points 
of difference in comparison with girders designed on that as- 
sumption. One is that the reaction on the supports, and con- 
sequently the strain upon the ends of the girder and the lattice- 
bars, will not be equal at both extremities ; the other, that the 
point of maximum strain on the flanges will not correspond with 
the centre of the span. It should be remarked here, that the 
French engineers, in their calculations, have taken the clear span 
between bearings, and not the distance between the centres of 
bearings, as is sometimes done. The reactions upon the abut- 
ments can be easily found from the principle of tiie lever, upon 
which is based aU the theory of horizontal girders. Let R and 
R* be the two reactions, taking R to represent the greater, or 
that upon the square pier, and K^ the lesser, upon the abutment. 
If w% w^y w*y &c., be the weights calculated for the girders, V, 
V^, V*, &c., and d^y d\ d\ &c., their distances from the abut^ 
ment, L' the span of the girder V, and W^ its total weight, we 
have 

K-(^ Li ; + -y 

Similarly, Ri=( ^^ (U^d^Hw^ (L^^^Q-h . . . &c. yW\ 

The value of R is thus found to equal 350 tons, and R*=150 
tons. It is evident that since the total weight supported by the 
girder is equal to (R-f R^), when one of the reactions is known, 
there is no necessity for working out the equation for the other. 
The principle adopted by the French engineers in designing 
the girders is that of determining, firstly, a minimum section of 
flange which is constant throughout the whole span, and then of 
adding such additional plates at the centre and elsewhere as the 
amount of the strains may render necessary. The reverse is the 
usual method employed by us. We generally first ascertain the 
maximum sectional area required, and then drop the flange 
plates accordingly as the decrease in the strains towards the 
supports will allow. The former method is svnthesis ; the latter, 
analysis. The object to be gained in making each girder to 
consist of two separate girdera is not by any means apparent, as 
all the diaphragms and stiffening in the world would never make 
the two act like one, and necessarily involves a much larger 
amount of bracing and extra material than what woiJd be other- 
wise required. This will be evident on comparing the dia- 
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phragm in the sections with the light lattice bracing between 
the separate bars in the Charing-cross and Blackfriars railway 
bridges. The diaphragm is composed of a plate ^ in. in thick- 
ness, and is riveted all round to angle-irons 4| in. x 4| in. x f in. 
To lighten the material a piece of the upper part of the plate is 
cut out ; but although this occasions a slignt saving in weight, it 
causes none in the cost, as the metal cut out would have to be 
included in the estimate. The distance between the centres of 
the flanges of each separate girder is 2*46 ft., and the breadth of 
each flange is 1*47 ft. There is another peculiarity to be re- 
marked in the manner in which the sections are Built up. It is 
the introduction of the angle-irons at the outside edges of the 
flange plates, which almost seem as if they were placed there for 
the purpose of covering or protecting the edges. The com- 
pression bars are of channel iron, which is undoubtedly the best 
section that can be used when a large sectional area of strut is 
required, but it is not so well adapted for bars of a small section. 
For these, and, in fact, for all ordinary purposes, there is no 
section which, for cheapness and facility of procuring, can com- 
pare with angle-iron. T-iron is also an excellent form of section 
for large compression-bars, but when used on a small scale there 
is a loss incurred, in consequence of the necessity of riveting it 
on both sides of the rib. All the ties are of flat bar iron, riveted 
at the crossings to the back of the channel-irons. Except at the 
diaphragms, which are placed about 13 ft. apart, there is no con- 
nexion between the webs of each separate girder composing the 
section. The points of intersection of the struts and ties are 
6^ ft. apart, and the greatest length of unbraced strut is a little 
over 7 ft. The lightest section of channel iron used is 984 in. x 
2*95 in. X 0*47 in. x 0*51 in., or, as it miffht be called, 9 J in. x 3 in. 
X i in., having a sectional area of a litUe above 7 square inches. 
The section is therefore fully strong and stiff enough to dispense 
with any intermediate bracing for the above length. The mini- 
mum section of this girder (Fig. 6) is built up of four angle-irons, 
two to each of the separate flanges, of 4*72 in. x 4*72 in. x 0*63 in., 
or 4| in. x 4| in. x f in. The author intended to have given 
all the French measures of angle-irons and plates in their usual 
corresponding English dimensions, but was compelled to renounce 
the attempt, as the sectional areas calculated thereby would not 
tallv. It would also have increased the labour very considerably, 
and involved a double calculation. The few tables available for 
converting French weights and measures into their corresponding 
English equivalents are little better than useless for scientific 
purposes. They serve in some instances as a check for one's cal- 
culations, but for nothing more. In addition to the four angle- 
irons, there are two plates 17*71 in, x 0*47 in., and also two angle- 
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irons at the ^dges 4*33 in. x 2*55 in. x 0*51 in. Of these last 1 

! 



angle-irons (Fig. G) only the horizontal part is included in the 
calculation of the area. The two side plates are each 17*71 in. 
X 0-59 in. The total gross area is 63*72 square inches. At the 
point of greatest strain this area is increased by the addition of 
extra plates, all 72 in. in thickness to 97^ square inches, the 
total tliickness of flange being 2 J in. The strain per square inch 
of gross sectional area upon the flange is 3*20 tons. The maxi- 
mum strain per same unit of area, in any part of the bridge, is 
not greater tnan 3*82 tons, and the metal has been apportioned 
upon this datum. This is rather a high factor of safety, and 
perhaps accounts for the fact that there is no difference made in 
the sectional areas of the top and bottom flanges. 

The ends of the girders are constructed of plates and angle- 
irons, and it will be sufficient to investigate the strain upon the 
heavier end, or that resting upon the square pier. The available 
material to resist the strain consists of one plate ll'21ft. x 0*59 in., 
giving a section of 79^ square inches ; or eight angle-irons 4f in. 
X 4| in. X f in., having a total section of 44 j square inches, and 
of two vertical plates 2 ft. 4 in. x 47 in. The total end sectional 
area is therefore 147 square inches. The strain upon the heavy 
end of the girder has been already ascertained to be 350 tons, 
and we tlicrefore find the metal to be strained to only the amount 
of 2*31 tons per unit of area. Although this strain is very small, 
yet it must not be supposed that tliere is a corresponding loss of 
material ; for the entis of girders, particularly of lattice girders, 
require to be made extra strong. The principal object to be kept 
in view in designing the end of a lattice girder is that all the 
strains brought by the bars upon the end pillars should be con- 
ducted to a rigid bearing, and should not have to draw for sup- 
port upon any of the neighbouring bars. Each of these has its 
own work to do, and- should not be loaded in addition with 
strains belonging to another part of the structure. There is no 
doubt that solid end-plates offer the easiest method of accom- 
plishing this result, but, at the same time, it is the most unecono- 
mical. There is no more necessity for a lattice girder to have 
solid ends than for a plate or box ^der to have open ones. In 
consequence of the unequal distribution of the load, and the 
point of maximum strain not occurring at the centre of the span, 
out at the point Y (see Fig. 5), it is liere that the load may be 
supposed to divide, and be ultimately transferred to the sup- 
ports, in the proportions previously described. The angle 
of inclination of the lattice bars to the horizon is 44° 6' 6", or 
nearly 1 to 1. The ratio of the strains upon the bars to the 
vertical strains is therefore as 1*44 to 1. The tie-bars, starting 
from the point of greatest strain and proceeding towards the 
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abutment from 1 to 7, are each 9-84 in. x 0-63 in. ; and, since the 
girder is a double lattice, they are consequently in pairs, and the 
total sectional area of the pair is 12-38 square inches. The re- 
maining ties completing the web on the same end are all of the 
same breadth, but the thickness is increased to 0*78 in. The total 
sectional area of the pair is therefore 15-36 square inches. Pro- 
ceeding now from the same point towards the pier, all the ties, 
with the exception of the two nearest to the pomt of maximum 
strain, have the thickness of the bars increased to 1-10 in. The 
sectional area of the pair is therefore equal to 21-65 square 
inches. The two exceptions are of the same scantlings as the 
lightest section used at the other part of the web. The channel- 
iron struts have the same breadth as the bars, and vary in 
section in proportion with the ties they cross. 

The^ are considered to be also strained to the same amount 
respectively; but as the nature of the strain is'diflferent, their 
sectional area is proportioned so as to be one^sixth stronger 
than that of the corresponding intersecting ties. The heaviest 
section of i-j used in this girder is 9-84 in. x 3-46 in. x 0*98 in. 
X 0*51 in., giving a sectional area of more than 12 square inches. 
The general formula for the strain upon a pair of end bars is 

" 2 X N X sine ^ ^^^^ ^ ^^ *^® ^^^ load distributed, 

6 the angle between the bars and the horizon, and N the number 
of systems or series of triangulations in the web. As, however, 
the load in this instance is not uniformly ^distributed, and there- 
fore not transferred in equal portions to the supports, we must 

substitute for - its two values of E and E^ already found. 

Following the same order with the strains as in describing the 
bars, and bearing in mind that the reciprocal of sine 6 is 1-44, 
we shall find the strain upon the last pair of bars over the abut- 
ment to be 54 tons. Dividing this strain by the sectional area 
of the bars, it will be seen that they are strained a little less 
than the stipulated maximum amount, since we shall have about 
3i tons per square inch, instead of 3-82 tons. To find the strain 
upon the bars upon the other end, we must consider the position 
of the girder V^, which is placed at about the distance of 1 ft. 
from the pier. The weight brought upon the main girder at 
this point produces no effect upon the lattice bars, and, in fact, 
scarcely any at all upon that end of the girder, as the strain is 
practically taken by the pier. Eef erring to the Table of weights, 
we find this load to be 140. tons, and it must be deducted from 
350 tons, the value found for E*, before that ouantity be used 
in the formula for the end strain. Effecting tiiis substitution, 
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and solving the equation, we shall find the strain upon the pair 
of end bai^s to be 75 tons, and dividing as before by the area, 
the strain per square inch comes out the same as before, viz. 
3i tons. The bars in the web of this girder appear to be pro- 
portioned scarcely in so scientific a manner as one would expect 
nor is that due attention to the varying amount of the strains in 
every bar sufficiently sliown. For instance, there is no changt^. 
made in the sectional area of tlie eight bars, starting from the 
point of greatest deflection and proceeding in the direction of 
tlie abutment. Again, when the section is increased, the re- 
maining bars, six in number, are all of the same section. The 
principal point to be noticed is the excessive discrepancy between 
the two bars where the increase takes place. Thus one pair of 
bars has a sectional area of 12^ in., ana the other of 15^ sq. in., 
a jump of 3 in. in area being made all at once. The discre- 
pancy at the other end of the girder is still greater, the dif- 
ference in sectional area of two consecutive pairs of bars being 
over 9 sq. in. It would not be judicious to make the sectional 
area of the wel> of a lattice gii'der vary too closely with the 
strains, especially in a railway bridge, or whenever the rolling 
load is lai'ge compared with the dead weight, but it should be 
borne in mind that the web of a lattice girder constitutes its 
chief economy. If it is not designed in a correct and scientific 
manner, it would be better to put a plate gii'der instead, and 
there are undoubtedly numerous examples of lattice girdere 
which have cost more than plate ones would have done in 
the same positions. The cause of the jumps in the section 
of the bars is mainly owing to the very unequal distribution 
of the weight, and we will consider the respective strains 
upon the bars of equal section. The minimum strain upon the 
first eight bars mentioned is about 3 tons, and the maximum 32 
tons. Similarly, the minimum strain upon the last six bars 
towards the pier is 30 tons, and the maximum 75 tons. There is 
clearly a great loss of material in constructing these bars of 
equal sectional area. As the rolling load in this bridge is little 
or nothing, there is no necessity for making the bars at the 
centre stronger than what is required for a dead load. 

The next girder to be described is one of the central gir- 
ders, which are duplicates of one another. It is similar in ap- 
Searance to the girder aLready investigated, having the same 
^ epth, with a span of 82 feet, and is represented in elevation 
in Fig. 7. Tlie total load distributed uniformly, including 
the weight of the girder itself, is 140 tons. Calculating for the 

W xJj 

central strain by the usual formula S= .. ^^ ^ ^® ^"^ ^^^^ S= 

o D 

90 tons. The section of the central girder is constant through- 
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out, and is equal to that of the minimum section of the girder V 
(see Fig. 6), which has a sectional area of 63*5 square inches. 
We therefore find that the greatest strain per square inch does 
not quite equal 1^ tons. The calculations of tlie French en- 
gineers make it equal to 1*48 tons, which is quite clear enough 
to check the accuracy of the application of the above formula. 
In the author^s calculation, the aepth is assumed as 16 ft., and 
not the extreme depth, 16*40 ft., as the former approaches nearly 
to the points of tne centres of gravity of the flanges, and also 
simplifies the calculation. About seven years ago, a very in- 
teresting discussion arose between Mr. lairbaim and Captain 
Tyler, K.E., respecting the correct value to be taken for the 
depth of a girder in calculating the strains upon it. It was in 
connexion with the erection of the Spey Viaduct, carrying the 
Inverness and Aberdeen Railway over the river of that name. 
Mi\ Fairbaim was the engineer for the superstructure of the 
viaduct, and made use ot the total depth in his calculations. 
Captain Tyler objected to this mode of calculation, and a long 
and important discussion ensued between them. A blue book 
was published containing the whole investigation, which is well 
worthy of perusal. A very good idea may be formed of the 
discrepancy that can arise between two authorities on a subject, 
by mentioning that Mr. Fairbaim's calculationsgave the strength 
of his bridge to be 2450 tons, while Captain T^ler only allowed 
it to be equal to 1954 tons. There were a few other points of 
difference between them, besides the mere question of the depth, 
so that the want of identity in their calculations must not be set 
down wholly to that difference in their data. 

The flanges at the centre of the central girders not being sub- 
jected to a greater working strain than 1^ tons, and the section 
being constant throughout the whole length of the girder, the 
waste of material towards the ends must be very great. The 
lattice bars have also a constant section throughout, and are 
inclined at the same angle as those of the preceding girder. The 
tension bars are all 9*84 in. x 0*63 in., and each pair has there- 
fore a sectional area of 12J square inches. The compression 
bars are of channel iron, and have a section of 14 square inches ; 
or about a sixth in excess of the ties crossing them. Applying 
the formula for the strain upon the last bars, we find it to be 
equal to 25^ tons, which gives just 2 tons as the strain per 
square inch of area. All the bars lying between this jjair and 
the centre of the girder are of the same section, and it is need- 
less to remark how superfluously strong they must be. The 
reason — whether justifiable or not, is anotner matter — ^why these 
two girders are so much stronger than necessary, appears to be 
due to the desire of preserving an uniformity oi appearance in 
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all the face-girders, and consequently making them all of the 
same depth. The ratio of depth to span of the central girders 
is one-fifth, a proportion without a parallel in the history of 
bridge construction. These two girders afford an example of 
the evil of departing from " proportion," and of the necessity of 
closely adhering to its principles in designing all wronght-iron 
work. It must not be supposed that if we disproportion any 
one component part of a structure, that the evil endi there, and 
that the employment of extra material is confined solely to that 
part. On tne contrary, a disproportion in one part entails a 
disproportion in another ; and if we apply a surplus amount of 
material in one place, we shall be compelled to apply it in 
another. In the girders in question, the depth being out of all 
proportion to the span, the flanges must be made considerably 
stronger than what would otherwise be necessary in order to 
afford that amount of rigidity and stiffness which the great depth 
demands. The same reasons apply with greater force to the 
web, as by its position it is immediately affected by any altera- 
tion in the depth to a more serious extent than the flangas. The 
ends of all the face-girders are constructed in a similar manner, 
and consist of an upright pillar or vertical box beam, extending 
the whole breadth of the girder, and made up of plates and 
angle-irons. It will be observed that the end bars are not at- 
tacned directly to the pillar, but to a side plate, which is con- 
nected with the pillar oy angle-irons, and in fact forms a con- 
tinuation of the side plate of the pillar itself. The thickness 
of the side plates is ^ in., and the angle-irons may be taken as 
4 in. X 4 in. x ^ in. It should be noticed that the plate at the 
back of the pillar is not continuous throughout the whole height 
of the girder, but is broken for some distance in the middle. 
The most important girder in the whole series is the faee- 

firder of " Rue ae Londres," which is represented in elevation in 
'ig. 8, and in section in Fig. 9. It is designed on the continuous 
principle, and is divided into two spans of 191'80 ft. and 72*62 ft. 
respectively. The shorter span is treated as a cantilever, and is 
loaded at its extreme end with 49*22, or, in round numbers, 50 
tons of cast iron. This counterweight is employed for bringing 
into action the advantages resulting from the adoption of the 
continuous principle, which is a lightening of the section of the 
longer span at the point of greatest strain. Owing to the great 
disparity in the spans and in the rate of loading, the whole girder 
cannot be considered a favourable example of the application of 
the above principle. 

In the following investigation, the results only of many ne- 
cessary calculations will be given, as the author has thought it 
not desirable to introduce intricate and abstruse calculations in 
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a paper of a practical character. As the moving load is very 
smally we may regard both spans as fully loaded, and not con- 
cern ourselves with the other assumption of only one being 
loaded at a time. The total reaction over the intermediate pier 
will be the sum of the separate weights resulting from each 
span ; and as the spans are both unequal, and unequally loaded, 
they will have very different values. The reaction due to 
the longer span is 470 tons, and that to the shorter 185 tons. 
To resist the greater of these strains we have four plates 
16*26 ft. X 0*47 in., giving a total sectional area of 367 square 
inches. The metal is tnerefore strained only to the extent of 
1^ tons per unit of area. The strain is still less upon the shorter 
span sicle, being onlv 0*82 ton per square inch. None of the 
metal at the ends of the girder is strained beyond one ton per 
square inch. Like the other girders, the section of the present 
one is made up of a constant minimum section, increased where 
necessary. The minimum section of the longer span consists of 
one plate, the full breadth of the flange, 4*26 ft. X 0*47 in. ; one 
smaller plate inside, 1*63 ft. x 0*78 in. ; four angle-irons, 4| in. 
X 4| in. X 0*47 in. ; four side plates, 1*47 ft. x 0*47 in.; and two 
longitudinal strips between each pair of side plates. These 
strips are 4|in. xl^in. At the point of the greatest strain, 
which may be taken to be at the middle of the girder, although 
it lies reaUy about 9 in. towards the pier, the above section is in- 
creased by the addition of three plates, of the fuU breadth of 
the flange, having a thickness of 0*59 in., making the total sec- 
tional area of rather more than 200 square inches. The 
greatest strain per square inch at this part of the girder is 3^ 
tons. The minimum section of the small span differs from that 
of the larger, in having only two side plates instead of four. 
The side plates, however, are 0*59 in. thick, instead of 0*47. 
The total area is 72 square inches. At the bearing over the in- 
termediate pier on the side of the smaller span, this sectional 
area is increased in the usual manner to 168 square inches. This 
appears to be considerably more than what is necessary, as the 
working strain is only 2 tons per unit of area. On^ the side of 
the long span over the same pier, one of the three extra plates 
is dropped ; but the working strain is not increased thereby. In 
the original designs a laborious calculation has been undertaken 
for the purpose of proving that the bottom plates resting on the 
pier are not subject to a greater strain than Ij^ tons per square 
mch ; but the question is not of sufficient importance to require 
any notice. 

The lattice bars are inclined at the same ande as those be- 
longing to the girder V. In the larger span, the strains upon 
them may be regarded as dividing to the right and left of 
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the point of maximum strain. In the smaller span^ t^^y> of 
course, act in precisely the same manner as in a cantilever. 
As the manner of calculating the strains upon the bars has been 
already demonstrated, it will oe sufficient in future cases to give 
the practical results alone. There are three different sections of 
tension bars used in the small span, having the following scant- 
lings: 9-84 in. X 0-63 in., 9*84 in. x 0-86 in, and 9-84 in. X 0-98. 
The maximum area of the last pair is 19 J square inches ; and as 
the strain is a little over 69 tons, the strain per square inch is 
about 3i tons. The ties in the web of the largest span vary 
according to their position with respect to the point of maximum 
strain. Those on the left hand, lying towards the pier, have 
four different sections. The first three are of the same breadth 
as those in the smaller span, but their thicknesses are 0*63 in., 
1 in., and 1^ in. The remaining bars close to the pier end arc 
1*15 in. and 1 in. thick. The maximum sectional area is 43^ 
square inches, and the greatest strain being 165^ tons, we 
have for the working strain per square inch 3*80 tons, or exactly 
the guaranteed maximum amount. The tension bars lying 
towards the abutment are all of the same breadth, 9*84 in., but 
their thicknesses are 0*63 in., 0*86 in., and 1 in. respectively. The 
greatest strain upon the end pair is 67 tons, and tne unit of area 
carries about 3^ tons. The compression bars are all of channel 
iron, with the exception of a few crossing the large ties, which 
are made up of three flat bars 1*15 in. x 0*59 in., and two angle- 
irons 4 in. X 3 in. x ^ in., the section being too large to be ob- 
tained rolled. All the compression bars are designed to bear 
the same ratio of strain, compared with the ties, as in the 
girder V. On looking at the difference in the strains at 
each end of the London-street girder, we find one to be about 
two and a half times the other, proving how impossible it would 
have been to design the girder ujjon the assumption of a load 
uniformly distributed. All the rivets used are 0*984 in. in 
diameter, or, as they might be called, an inch, and have an 
alternate pitch of 6| in. In the joints in the horizontal flange- 
plates, the breadth of the plates, or of each thickness of metal, is 
reduced 6 in., since there are six rows of rivets in a line. Only 
about four of these pass through all the plates in some cases ; 
but it would not be safe to calculate upon a lesser deduc- 
tion than 6 linear inches. The joint-plates of the side-plates are 
1 ft. 4 in. long, and the rivets have an alternate pitch of 5 in. 
The side-plate loses 5 in. out of its total depth available for cal- 
culation, at the joint. The wrapper does not extend the whole 
depth of the plate, but only so far until it meets the longitudinal 
angle-iron, which performs the duty of a wrapper for that part of 
the side-plate riveted to it. The angle-iron joints are arranged 
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SO as to have only one rivet-hole ont in each flange in the same 
cross section. So far as the deduction of the rivet-holes is con- 
cerned, it is, in the present instance, a matter of no moment, as 
all the investigations have been based upon the gross area, and 
it is for this reason that so very low a working strain has been 
taken, although the simple difference between the gross area and 
that obtained after deducting the rivet-holes is liot suflBcient to 
necessitate the adoption of so high a factor of safety. 

Having considered the principal features in the main girders 
of the bndge, we shall now pass on to those of smaller dimen- 
sions. The most prominent of these are the intermediate 
girders, nine in number, running from abutment to abutment, 
across the central part of the bridge, and No. 5, being a fair 
average type of the whole, is the one represented in elevation 
in Fig. 11, and in section in Fig. 12. In all these girders, 
the dead weight is not constant for all the separate spans. 
The two end spans are loaded in a manner precisely similar 
to that of the girders in the angles of the streets, which 
bear upon the face girders. The dead load of 0*1006 ton 
per square foot is, therefore, common to both. The central 
spans have a heavier load to carry, in consequence of the 
greater depth of roadway there than at the sides. The girders 
are placed 16'72 ft. apart from centres, and therefore the weight 
brought upon them oy the cross girders is 0*1006 ton x 16*72, 
e^ual 1*68 tons per foot run. The weight of the intermediate 
girder itself is (>36 ton per unit of length, and adding to this 
the proof load, 0*0366 ton x 16*72 ft., we have the total load per 
foot run of the end spans equal to 2*67 tons. By the same 
method of calculation, we obtam the weight per foot run of the 
girders in the central spans to be 3*47 tons, making a difference 
in the total load on the central spans, compared with the end 
spans, of 20 tons. The exact spans of the intermediate girder 
represented in the diagram are 98*40 ft., 82 ft., 14*71 ft., and 
101*90 ft., and it is continuous over the four spans. Its depth is 
uniform, and is 6*88 ft. With the first spans loaded, whicn will 
give the greatest strain upon that span, we have the reaction of 
the square abutment, equal to two-nf ths the weight of the whole 
span, which, knowing the necessary data, we find to be 105 tons. 
With the first and second span loaded, the vertical reaction of 
the first pier is equal to the sum of the reactions due to each 
span, equal to about 320 tons. Similarly, the reaction on the 
second pier is equal to 155 tons, that of the third to 280 tons, 
and that on the skew abutment to about 107 tons. The con- 
ditions of the strains upon the short span it is needless to 
consider, as from the nature of the case it must be considerably 
in excess of the strength which they would require. The 
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section of the girder at the centre is composed of flange-plates, 
angle-irons, and two side-plates, giving a total section of 
52 square inches, and is strained to the f ml amount of 3*82 tons 
per square inch. At the centre of the span, nearest the square 
abutment, this section is increased by making the total thickness 
of the flange-plates equal to 1*65 in., and the working strain is 
slightly less tnan that in the central span. At the same point 
in the span, nearest the skew abutment, the total thickness of 
the flange-plates equals 1*81 in., the remainder of the section 
being similar to the other two. The sections over the niers do 
not fiffer from the above, with the exception of having the side- 
plates increased to 0*59 in. in thickness, and that of the flange- 
plates to 2^ in. The working strain varies from 3^ tons to 2^. 
On looking at the section of this girder, one cannot fail to be 
struck with the fact that the distance between the flange-plates 
of the twin girders, which make up the entire, is but J in. 

The webs of all the intermediate girders are composed, like 
those of the main girders, of channel-iron struts and flat bar 
ties. The bars in the end spans are inclined at an angle to the 
horizon of 46° 24' 44", and those in the central spans of 
46° &' 18". The reason for the difference it is difficult to compre- 
hend, as it only has the effect of complicating the workmanship, 
and increasing the labour of calculation. The ratio of the 
strains upon the bars to that of the vertical is, in the first 
instance, 1*36 to 1, and in the second, 1*40 to 1. Both ties and 
stnits have the same constant breadth of 9*84 in., but vary in 
thickness with the span and their position. The thinnest bar is 
0*59 in. in thickness, and the heaviest 1 in. The greatest work- 
ing strain is 3^ tons per square inch. In-order to provide for a 
small compressive strain, which is brought upon the bars in 
tension in the central span, according to the position of the 
movingload, they are also made of channel iron instead of flat 
bars. The same ratio of strain is preserved between the ties and 
struts of these nine girders as in the face-girders. The cross 
girders placed between the intermediate girders in the central 
part of the bridge have neither the same span nor the same load 
per unit of length as the others situated between the girders in 
the angles of the streets. The cross girders in the central part 
of the oridge have a span of 15*21 ft., and a weight of 0*95 ton 
per foot run. The most unfavourable case which could occur 
respecting the action of a rolling load is that of a vehicle 
weighing 9*8 tons, the transverse distance between the centres 
of the wheels being 5*57 ft. With the wheels placed, there- 
fore, at equal distances upon each side of the centre of the cross 
girder, the maximum moment may be found from the equa- 
tion — 

Digitized by LjOOQ IC 



LA PLACE DB L'EUBOPB, PAEIS. 211 

M= Wxd 
L 

2 

where W is the weight, L the span, and d the distance from 
the centre of either wheel to the nearest abutment. All the 
cross girders may be considered as beams partially secured at 
the ends, and occu^jing an intermediate position between those 
having their extremities rigidly fixed and those whose ends are 
free. As we have to consider the uniform weight of the cross 
girder, in addition to the rolling load, in oroer to find the 
maximum moment upon it, putting w to represent the weight, we 
have, making M^ to equal tne greatest moment, 

Mi={(^x«,L») + (fgxMxL.)} 

The maximum moment will equal 12| tons. The section of the 
central cross girders is made up of angle-irons and a plate-web. 
The angle-irons are 3i in. x 3i in. x \ in. thick, giving a gross 
area of 6i in. The only difference between those cross girders 
and those in the angles of the bridge consists in the latter having 
the greater span of 17*94 ft., and the angle-irons are increased 
from 0*51 in. to 0*63 in. in thickness. The depth of the cross 
girders is 2 ft., and the greatest working strain of both classes of 
cross girders does not exceed 3i tons per unit of area. 

The footpaths are supported by small cross girders, shown in 
the general longitudinal section. Fig. 6, and those in the centre 
part of the bridge, between the central face girder and the 
nearest intermediate, are the only ones requiring any considera- 
tion. They have a span of 14i ft., and are placed 6ift. apart. 
The total weight each carries, including the weight of the single 
T irons resting upon it, and its own weight, is 8i tons. The 
depth is very nearly one foot. The section is that of a plate 
beam, and its area is equal to 5i square inches, which, by calcu- 
lating by the usual formula for a central section, will give about 
3i tons for the working strain. The single T irons under the 
footpaths have a maximum span of 8'69 ft., and their distance 
apart is 9 J in. from centre to centre. They are 3iin. broad 
by 4iin. deep, and have an uniform thickness of 0*39 in. The 
T irons in the centre part of the bridge have a span of only 
6' 56 ft., and are consequently in a more favourable position still. 

The four face-girders along the sides of the streets are fixed 
upon the piers, but are free to move on rollers over the abut- 
ments. These rollers are of steel, 3*15 in. in diameter. They 
vary in length and number under each girder. The greatest 
number xmSst one girder is 46, with a len^h of 1 ft. 7i m^and 
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the smallest number 34, with a length of 1 ft. 5i in. As a proof 
of the different number considered necessary in our large bridges, 
it maj be mentioned that under one of the large bridges over 
parts of the Borough, having a span of 180 ft., the rollers do not 
number more than half a dozen. 

More than twenty years ago, it was stated by Mr. VignoUes 
that the " finical exactness " used by the French engineers and 
contractors in calculating the quantities of their cuttings and 
embankments, and the expenses of the various leads, invariably 
caused the tenders sent in by them to be three or four times the 
amount of those sent in by English contractors. Ajs a natural 
result, all the work fell into our hands ; and it was certainly 
owing to this endeavour on the part of the French engineers to 
substitute theory for practice that paved the way for tlie intro- 
duction of Enghsh capital and labour not only into France, but 
over the whole Continent. There is not the slightest doubt that 
our neighbours have in a great measure seen the futility of 
attempting to calculate the expenses of constructing a railway 
by pure theory ; but the author considers the bridge which has 
formed the subject of the present paper to be a proof that there 
is some of the old leaven left yet. While all engineers will 
concur in giving the full meed of praise to scientific calculations, 
and the due observance of the principles of theory, yet practical 
men maintain, and justly too, that this point must not be 
strained too far. In the Faris bridge there does not appear to be 
that proper consideration given to tne workmanship ana practical 
details, a due attention to which can alone ensure an economical 
construction of any design. One of the chief, if not the chief, 
principle in designmg a structure is to make a3 much uniformity 
throughout it as possible. Every foreman is aware how much 
the execution of any work is accelerated by having as few tem- 
plates as possible. Throughout the whole numS^r of lattice 
girders used in this bridge, there are no less than ten different 
angles of inclinations used for the bars, ranging from 46° to 
56°. The only two recognised angles among ourselves are 
those of 45° and 60°. Others are sometimes employed, but 
not to any very great extent. The inclination of the bars in the 
Charing-cross bridge is 45°, and in Blackfriars railway bridge 
60°. There are six different sections of angle-iron used, but 
considering the size and peculiar character of the structure, this 
number could not be less. The sections of channel iron are five 
in number. They are all of the same breadth, and it appears 
rather unusual to insert bars of the same breadth in girders 
having depths so very different as Q^h. and 16^ ft. As the 
channel sections are very heavy, it was, in all probability, an 
economical plan to employ as many as possible, and thus save in 
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the expense of procuring them. However well the lattice form 
may answer for railway purposes, it is certainlv not so well 
adapted for the design of a road bridge, particularly when the 
roaaway, as in the present instance, is carried up at some inter- 
mediate height between the top and bottom. The appearance 
of the interior parapet between the lattice spaces is exceedingly 
unpleasing. So far, however, as the appearance of the present 
structure is concerned, it is a matter of no consequence, as from 
its position it can only be viewed from the railway, and one does 
not expect very fine views from localities of that description. It 
is not certain whether the employment of the coimterweight 
at the end of the shorter span of the girder L ought not to 
be considered more as an ingenious expedient — a "tour de 
force" for carrying out the condition of theory than as a 

!)ractical method of constructing a girder in that position. It 
ooks, to say the least, somewhat extravagant to deposit between 
two or three hundred pounds in a lump at one end of a girder, 
for the purpose of giving it weight, Lieaving the question of 
the proportion of the working strain out of consideration, the 
investigations entered into have been quite sufficient to establish 
the proposition laid down by the designer of the bridge, that the 
maximum strain per square inch of gross sectional area should 
not in any case exceed the stipulated amount. That this 
guarantee has been fulfilled, there is not the slightest doubt, but 
whether it has been fulfilled in the most economical manner is 
an open question. Engineers are not unanimous in adopting 
the continuous principle, being aware that it requires a closer 
approximation of practice to theory than can be always ensured 
to render it realry economical. The mere tying together the 
extremities of gircfers over a pier does not necessarily constitute 
a continuous girder. It has often been alleged against the 
English engineers that they are too practical. Admitting the 
statement, it may be said, with equal truth, that the French 
engineers are too theoretical, 

DISCUSSION. 

The President expressed the thanks of the society to Mr. 
Cargill for his paper, and to Mr. C. J. Light for his assistance 
in the preparation of the diagrams. He said that the thanks of 
the Society were also in some measure due to M. Clerc, the en- 
gineer of the bridge, who, in common with many French engi- 
neers, got up his " studies" verv elaborately. All the plans of 
this bridge had been lithographed in a large number of sheets, and 
they formed a very ponderous volume. The calculations of the 
strains in the engineer's own way were also published. The fact 
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that the design of the bridge proceeded directly from M. Clerc, 
entitled him to some mention. 

Mr. ScHoNHETDER said that there was no drawing showing 
the connexion between the intermediate gu-ders and girder V. As 
there was a heavy load upon V, it would be very interesting to 
see how that strain was taken by the girder. 

Mr. Light promised that a diagram illustrating that point 
should be exhibited at the next meeting. 



November 19^A, 1866. 
ZERAH COLBURN, President, in the Chair. 

THE RAILWAY BRIDGE AT LA PLACE DE 
L'EUROPE, PARIS. 

Bt Thomas Cargill. 

adjourned discussion. 

Mr. SoHoNHETDER said that the paper mentioned an arrange- 
ment for taking the thrust of the last arch between the roadway 
firders, and it was spoken of as a very clever arrangement ; but 
e could not see that the thrust was really taken up. The two 
last girders were connected by vertical plates, which would no 
doubt tie them together ; and there were a couple of ties under- 
neath the girders tying the last three girders together ; but still 
that would not take the thrust from the third arch. If the third 
girder were connected by lattice horizontally it would form a 
stiff girder, and take the thrust. He believed that, generally, 
any verticals introduced into lattice girders were considered a 
waste of iron. Those introduced in the Hungerford bridge were 
very severely commented on. The paper several times stated 
that the six-way bridge was extraorainarily and unnecessarily 
strong, and Mr. Cargill remarked that the factor of safety was 
" very low." It was generally said that the factor of safety was 
very high when a structure was very strong. 

Mr. C. J. Light explained that in order to avoid having the 
thrust of the successive arches thrown in any way upon the abut- 
ment, which would be very objectionable on account of the 
expansion of the ironwork, the engineer had made the super- 
structure self-contained. Each of the cross girders over the abut- 
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ments was connected to the next cross girder by two dia- 
phragms parallel to the main mrders, forming three cells for the 
last arch ; and from the ends of these diaphragms the strains were 
carried by two diagonal bars to the strong points at the con- 
nexions of the following cross girder with the main girders. 
With regard to the verticals of the face-girders, it should be 
remembered, before condemning them as waste of metal, that 
they had the important duty to perform of transferring the 
load brought on tliem by the secondary girders equally to the 
top and bottom members of each of the twin girders, which 
together composed a face-girder. The distribution of the areas 
in the channel and tie-bars certainly seemed somewhat anoma- 
lous. No attempt had apparently been made to keep them down 
to anything like proportion, whereas, in the other details, the 
engineer had gone into the most minute calculations. He (Mr. 
Light) thought that it would have been more useful to have given 
in the paper the calculation of the strains based, as was usual 
with English engineers, on the nett area, minus the rivets. The 
varying angles in the diagonals of the longitudinal girders were 
no doubt objectionable in the manufacture, but the cause seemed 
perfectly obvious — viz. the difference in the spacing of the cross 
girders. The engineer might have varied the vertical depth of the 
intersecting lines, and so preserved the uniformity of the angles ; 
but whether that would have been better than the course adopted 
was fairly open to question. He (Mr. Light) wished that Mr. 
Cargill had given the analysis of one of the most heavily strained 
diagonals, and compared the area of that bar with the sectional 
area of the rivets for shearing, and the bearing area of the bar 
upon them. 

Mr. Lefeuvre said that there was no doubt that the bridge 
was a very ingenious and a very complicated one. He did not, 
however, see tnc advantage of having the additional brick pier 
in the centre, and which was on the skew. It might have been 
obviated to a great extent by carrying the cross girders through 
on to the pier immediately adjoining it. In one or two cases 
columns might have been put in, and the girder made continuous. 
There was one point which he could not xmderstand in connexion 
with the road at the end of the girder, called the London girder. 
Fifty tons of iron placed in the position described seemea quite 
out of place. He should have preferred utilising the brickwork 
in the abutment, and anchored the girder down to the abut- 
ment, instead of placing fifty tons additional on the top. Nearly 
half the metal might have been thus saved. Mr. Cargill stated 
that the placing of the load midway up the girder was very ob- 
jectionable, but he (Mr. Lefeuvre) was of opinion that if the con- 
nexion between the main girder and the press girders had beea 
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properly arranged there would be no objection to the load being 
in that position. Instead of having the cross girders carried by 
brackets, they would have been carried through the main girder- 
Great nicety seemed to have been observed in proportioning steel 
rollers for different loads, but he should have dispensed with 
rollers altogether, and merely have had rubbing-plates. He had 
no doubt tnat after fifty years' use they would be found not to 
have moved at all. In Hungerford Suspension Bridge the 
saddles which connected two links on the towers were placed on 
steel rollers, and Mr. Brunei thought they could act and allow 
for the moving of the platform ; but when they were taken down 
to be forwarded to (Jlifton it was found that, although these 
rollers had been placed in oil, they had not moved at all 
perceptibly. 

Mr. Light explained that this mode of connexion was only 
adopted in the case of the cross girders under the footways. It was 
no doubt objectionable, but these girders had only a very light 
duty to perform. They were spaced two metres apart, and w^ere 
comiected to a longitudinal which was bracketed on to the 
verticals of the face-girders, these being four metres apart. 

Mr. H. P. Stepilenson said he quite concurred with Mr. 
Lcfeuvrc as to the impropriety of the position of the skew pier. 
In criticising the bridge, however, in the absence of the engineer, 
they were under a difficulty; for possibly those points w^hich 
seemed strange were capable of explanation. In tlie absence of 
information fiom the engineer, he quite agreed with the author 
of the paper as to the extreme amount of metal which appeared 
to have been used in the girders of the bridge ; and without a very 
good reason being urged in favour of the use of so much metal, 
he w^ould be inclined to think that a great amount of it was 
superfluous. The only other point which occurred to him as 
being objectionable was that a great weight had been placed 
upon the roadway and footpath. He should have been inclined 
to^ have dispensed with a large amount of that weight, and sub- 
stitute wrought-iron buckled plates, or, better still, buckled steel 
plates, placing a small amount of gravel above them. 

Mr. Olrick said that he agreed with Mr. Light, that if Mr. 
Cargill had, in that part of his paper referring to the strains 
and the different proportions of the girders, compared the more 
simple manner adopted by English engineers with the compli- 
cated French method, it would have been more useful. It 
seemed that although the French engineers had used such 
minute calculations, they had not been very successful in arriving 
at an uniform strain tliroughout the bridge. The strain varied 
from 4 tons to about 1^ tons per square inch of area* Mr. Cargill 
had stated that he had an impression that French engineers were 
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too theoretical, and English engineers too practical. That was no 
doubt very correct ; but what he had said about French engineers 
might be said of all continental engineers. He (Mr. Olrick) 
had had some experience of continental engineers, and he could 
fully corroborate this statement. Practical formulae based on 
actual experience were far more valuable than such formulae as 
were used in France. There was one redeeming feature in the 
French calculations, which was the use of decimal fractions 
instead of our fractions of inches, &c. 

Mr. Batlet said that by means of the formula he was in the 
habit of using at Mr. De Bergue's, of Manchester, the whole 
calculations for a bridge might be performed in an hour, or an 
hour and a half. The strains and the material necessaiy to meet 
them were very simplv shown. There was a feature in the 

firders of the bridge which he certainly did not like. The lattice 
ars of the face-girders were placed rather more than two metres 
apart, and, consequently, there were but few intersections of the 
bars. Had the distance been only one metre, the whole of the 
material in the upper and lower beams and in the tie-bars could 
have been considerably reduced, and the total weight of the 
bridge would have been less. There was also waste material in 
the ends, there being more than necessary to obtain strength and 
keep the top and bottom girders in position. The lattice bars 
crossed only once, and did not meet at the upper and lower ends. 
Thus an extra strain was thrown upon tlie top and bottom 
girders which ought to have been entirely taken up by the tie- 
bars ; for the tie-oars were supposed to carry the weight by the 
alternate ties and struts from the centre of the bridge to the 
abutments, and discharge it there. In this case there was a 
twist at the ends of the tie-bars, and this had a decidedly in- 

f'urious effect. From the quantity of material employed in the 
)ridge there would be no fear of anything happening to it in 
consequence of the position of the lattice oars; but still safety 
was attained by the use of surplus material. In the face-girders 
the engineer had adopted the method of corrugating the upper 
portion of the vertical member of the top and bottom girders 
where the lattice bars joined. The object of this was doubt- 
less to save material; but, while the weight was not reduced 
very considerably, there was a large additional expenditure of 
labour. 

Mr. Light said he thought there could be no doubt that if 
the intermediate girders were severely strained, the twisting 
eiTect of the diagonals referred to by the last speaker would be 
mjurious to the top and bottom members. 

Mr. Lefeuvbe said there was one remark towards the close of 
the paper which ought not to go uncontradicted — viz. that Eng- 
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lish engineers, as a rule, were not favourable to continuous girders. 
He thought that the continuous principle ought to be introduced 
wherever it was possible. Less material was employed than in 
other systems. He could not see why it was not equally appli- 
cable to road bridges as well as railway bridges, though Mr. 
Cargill had stated it was not. 

Mr. ScHoNHETDER said that the steel rollers which had been 
condemned by Mr. Lefcuvre were intended to provide for the 
expansion of the bridge, which, in a bridge 400 or 500 ft. in 
length, such as had been described, would not be less than 4 or 
5 in. In the case of the Britannia-bridge, which was carried on 
rollers, the expansion was shown to be very considerable. Accord- 
ing to Mr. E. Clark, the greatest range of temperature in Oreat 
Britain is about ISS*^ (15° below and 120° above zero) ; and, as 
wrought iron expands '000,007 of its length for each degree of 
Fahrenheit, a bridge 400 ft. long would, when at a temperature 
of +120°, be -000,007x135x400 =-378 ft. longer than when 
at a temperature of -15°, -378 ft. =4-536 in. A 500 ft. bridge, 
under the same conditions, would expand '4725 ft.= 5'67in. 

Mr. Lefeuvre replied that he had not proposed to dispense 
with the rollers without providing a substitute. He had suff- 
gested the use of rubbing-plates instead of rollers. These would 
be sufficient to provide tor the expansion in a bridge of the size 
of that under discussion. 

Mr. Leonaiid said that he must differ from the last speaker in 
reference to expansion. He knew an instance of a bridge work- 
ing over an opening of only about 50 ft. span in which as much 
as I in. had to be cut off the rails to allow for the expansion of 
one day. In reply to the President, the speaker added that the 
rails, when laid down, were exactly the same length as the 
bridge. The rails met when the bridge was closed. 

The President said that it was usual not to allow more than 
Jth of an inch for expansion on a 25 ft. rail. 

Mr. Olriok said that a friend of his had measured the length 
of one of the girders of the present Charing-cross bridge in the 
middle of a hot day, and in the night of a cold day, and in a 
span of 154 ft. the difference caused by expansion was half 
an inch. 

Mr. Cabgill, in replying to the discussion, said that the first 
point noticed was the successive thrusts of the arches carrying 
the roadway. Mr. Light had kindly saved him (Mr. Cargill) 
the necessity of explanation on that point. The gentleman who 
raised the point did not seem to bear in mind that the thrust was 
tied back into the main girder, and not shifted simply from one 
cross girder to another, or the tying would have to be continued 
over the whole breadth of the bridge. The Charing-cross bridge 
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had been mentioned as a case in which the verticals or uprights 
were supposed to be superfluous, as they undoubtedly are ; out 
in the bridge at La Place de TEurope they transferred the strain 
over the top and bottom members. He did not quite understand 
Mr. Light's remark in endeavouring to explain the difference of 
the angles of the bars of the web in the various parts of the 
bridge. He could not see that they had anything to do with the 
load whatever. The effect of the rivets in diminishing the area 
of the bars was very small indeed. Mr. Stephenson was unable 
to see the reason why the skew pier had been introduced. He 
(Mr. Cargill) agreed with him that it did not seem necessary. 
If it was for tne purpose of shortening the five girders, that 
might have been aone perfectly well by cast-iron columns or 
pillars of masonry. The use of rollers had been objected to. 
Rollers were very well if they could be depended upon to move 
when required. Five or six years ago" the Boyne Viaduct in 
Ireland was lifted off its bearings at one point to restore one of 
the piers to the perpendicular, and it was found that the rollers 
were clogged and immovable, and it is clear that the same 
thing mipit happen to rubbing-plates. Mr. Stephenson had 
remarked that tne weight of the roadway was excessive, and he 
proposed the use of buckled plates as at Westminster-bridge. 
No doubt there was a large amount of surplus weight on thq 
roadway, but there was less than there appeared to be ; for the 
bricks used were hollow or perforated. Although the engineer 
had adopted arches, he had evidently tried to keep the roadway 
as light as he could. He (Mr. Carpll) thought that there was 
something incongruous in applying brick arches of the kind here 
used on lattice girders. It seemed to be putting a very heavy 
superstructure on a very light foundation. One gentleman 
had said that by the use of ordinary formula the calculations 
for a bridge might be made in an hour and a half. That might 
be done where me span was a short one and the bridge was uni- 
formly loaded ; but when the weights were placed at irregular 
distances it was quite impossible to reduce tnem to one of the 
simple cases, and the calculations must become tedious and 
lengthy. The same gentleman said that the bars should have 
been put closer together. He (Mr. Cargill) should have done 

{*ust tne contrary. When lattice girders were first made the 
►ars were very close ; and in the bndge over the Eoyal Canal, 
Dublin, winch was one of the first iron lattice bridges made, the 
bars in the girders were so close that the girders might almost as 
well have been of the plate form. The distribution of strains 
in the web of lattice girders and their accurate determination 
were then unknown. To the girders with numerous bars and fre- 
quent intersections succeeded the Warren girder, and that type 
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miserably failed, one of the reasons being that the struts were 
cast iron. True economy was obtained in lattice girders by the 
correct distribution of the distances and the correct number of 
bars. He was sorry that Mr. Lefeuvre did not agree with 
him respecting the question of the continuous girder. Two of the 
largest bridges in London were not on the continuous principle, 
namely, Charing-cross bridge and Blackfriars railway bridge; and 
there was a bridge on the continuous principle — the Cannon-street 
bridge, but this had plate, while the other two bridges had lattice 
girders. It was not sufficiently borne in mind that the continuous 
girder shifted the points of the strains without tending much, in 
many instances, to affect their amount. Of course it gave the 
advantage of shortening the span, and for this reason it had re- 
ceived t£e credit of possessing manv other advantages which do 
not really belong to it. Taking the bridges over the Thames, the 
balance was in favour of the discontinuous principle. Mr. Olnck's 
remarks about the French figures were very specious. He con- 
sidered that it was much easier to convert tnem into the sectional 
area than the English figures ; but that was not a proper crite- 
rion ; for before we could adopt the French method of calculating 
the areas of. angle or other forms of irons, we must adopt their 
sections. After the experience which he (Mr. Cargill) nad had 
in preparing the. paper, he did not think there would be any 
advantage in adopting the French system of calculations. The 
EngUsh unit was a ton per square inch; the French unit was 
so many kilogrammes per square millimetre ; and this, being 
less simple than the English unit, involved more trouble in 
calculating. 

Mr. Batley said, that when he asserted that, by a formula 
which he used, the calculations for a bridge could be made in an 
hour and a half, he was not referring to small bridges, but to 
bridges of from 600 to 900 feet run, with only three spans. 

Mx. Light said that Mr. Cargill seemed to challenge his state- 
ment that the different angles of the diagonals were necessitated 
by the different spacings of the girders. The angles of the 
diagonals were dependent upon the spacings of the verticals, 
which varied with those of the cross girders, as these latter were 
attached to them. 

The President said the paper had given a very interesting 
example of French constructions, and it was a very great credit 
to the Society. The reason why the skew pier was adopted was, 
probably, the necessity for keeping the lines of railway in their 
original position without changing their direction. One of the 
girders would have had nearty 270 ft span without that pier. 
The space enclosed by the] walls was used by the signalmen to 
keep tueir lamps in. it seemed to be hardly fair to criticise the 
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bridge without knowing the requirements which had to be met. 
The engineer was expressly forbidden from interfering with 
the direction or level of any of the streets. It was venr natural 
that he should like to keep the face-girders level and or uniform 
depths, and probably nine engineers out of ten would have done 
the same. M. Clerc, the engineer, had sent him (the President) 
some observations upon the paper, and out of justice to M« Clerc 
he would read them to the meeting : 

The following is the communication received from M. Clerc, 
the engineer to the bridge, in reply to some of the observations 
contained in the paper. With respect to the varying distances 
of the under giraers, M. Clerc remarks : 

^* Ces ^cartements variables sont motives par la condition de 
diviser, en parties ^gales, les poutres de rive et non les poutres 
intermediaires." 

Upon the imiformity of depth given to the face girders, we 
have the following observation : 

" Sans m^connaitre la valeur des objections pr&sent^es, nous 
doutons que la solution proposcSe par Tauteur eiit 6t6 plus 
satisfaisante. II nous a paru que I'adoption de poutres de tete 
de meme hauteur 6tait necessaire pour donner a Tensemble de 
I'ouvrage un aspect k pen prfes r^gulier." 

The engineer for the bridge differs from the author of the 
paper respecting the distance between the girders V^ to Y% and 
observes : 

;i:." II est impossible de r^aliser, ainsi que le fait remarauer 
d'ailleurs Tauteur du travail, Fetat ideal qu'il indique. II taut 
necessairement s'arreter h une division. Dans cene que nous 
avons adoptee, la distance qui s(5piare les poutres V* a V^ ne 
nous a pas paru trop considerable, et elle a Tavantage d'etre 
k peu prfes egale k celle qui separe les poutres de la partie cen- 
trale entre eUes." 

With respect to the two methods adopted by French and 
English engineers in calculating the sectional areas, M.. Clerc 
remarks : 

"Les deux mithodes me paraissent egaJement pouvoir fitre 
consid6r6es comme analjrtiques, du moment que Ton commence 

Sar determiner la valeur des tensions et que Ton en deduit les 
imensions des toles; la synthase serait, si on se donnait a priori 
les dimensions d'une poutre et que Ton determin&t ensuite les 
efforts que chaque partie supporte. 

"La difference entre les deux methodes consiste seulement 
dans le point de depart, mais les r^sultats sont les memes. 

" L'avantage du syst^me adopte est une simplicity de construc- 
tion extreme et une economic notable dans les couvre-joints 
qu'une poutre unique eiit n6cessite," 
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It will be seen that the nse of the angle irons on edge is as 
surmised by the anthor, for : 

^^Les comi^res sont destinees k masqner les sur^paisseurs des 
toles de couvre-joints dans les poutres en elevation.' 

The difference in the working strain of the compressive and 
tensile parts of the bridge are also mentioned in : 

" Dans les toles de bndes nous admettons le meme travail pour 
les parties travaillant k I'extension et celles travaillant k la com- 

1)ression. Dans les barres de treillis nous admettons, pour 
es barres comprim^, un travail inf^rieur d'un sixi^me k celui 
des barres tendues. 

"Si Ton tenait compte d'une diflf&ence analogue pour les 
brides, I'^paisseur des brides sup6rieures devrait gtre augment^; 
au lieu d arriver a une economic, on aurait une augmentation 
de poids." 

M. Clerc has not quite understood the meaning of the author 
with regard to making the ends of open web girders solid-sided, 
as he observes : 

" H nous parait difficile de saisir ce que Tauteur a voulu dire 
au juste. II nous parait que nous sommes d'accord pour 
renforcer les extr^mites des poutres k cause des reactions des 
appuis. Le moyen de parties pleines que nous avons employ^ 
nous parait le plus simple et le plus rationnel, et il est Evident 
que nous arrivons au resultat que nous nous proposons en f aisant 
pleines les extremit^s des poutres k treillis, tandis que ce ne serait 
gufere le moyen d'y arriver pour une poutre tubulaire que de lui 
aonner des extr^mit^ k jour. 

"Nous avons adopts pour les barres de treillis une largeur 
uniforme, en f aisant varier seulement leur ^paisseur, ce qui nous 
a paru la condition la plus facile k rempHr pour la fabrication. 
Toutef ois, nous n'avons pas cru devoir f aire varier cette ^paisseur 
k rinfini, suivant les resultats des calculs, et nous avons adopti 
un certain nombre de sections mojennes que nous avons appli- 
qu^es, de maniere k rester dans les limites indiqu^es par le calcul. 
Nous ne croyons pas qu'il en r&ulte ime d^perdition de poids 
aussi 6norme que I'auteur parait le supposer. En tons cas, nous 
ne saurions ici encourir le reproche qui nous est adress4 dans 
Tensemble du travail, c'est^a-dire, d'avoir tout sacrifi^ k la th6orie 
et d'avoir multipli^ k I'infini nos gabarits. Dans la partie de la 
construction dont il est question, on nous reproche, au contraire, 
de ne pas avoir suivi d'assez pres les resultats du calcul et de 
n'avoir pas employ^ un assez grand nombre de sections. II f aut 
reconnaitre qu il parait difficile de satisf aire Tauteur du travail." 

The following is the remark of M. Clerc respecting the great 
proportional depth given to the central girders : 

" Nous avons, en effet, eu en vue de donner une uniformity 

Digitized by LjOOQ IC 



LA PLACE DE L'EUROPE, PABIS. 223 

d'aspect k tontes les pontres de t^. H f aut reconnaitre que 
cette hauteur donn^e aux poutres de tSte de la partie centrale 
appelle la critiaue. Chacun peut apprecier la question k des 
points de vue ai£ferents. Pour nous, nous avons pens6 que le 
point de vue auquel nous nous sommes places meritait d'etre pris 
en consideration, d'autant plus que les 6paisseurs des toles 6tant 
consid^rablement r6duites, les poutres de tete, au lieu de donner 
lieu h un exc^dant de poids considerable, comme le suppose 
Tauteur du travail, pr^sentent, au contraire, et cela doit etre, une 
diminution de poids sur les sections que Ton aurait et^ oblige de 
leur donner si Ton avait conserve la meme hauteur que pour les 
poutres interm^diaires de la partie centrale." 

The impossibility of adopting a greater uniformity of parts is 
alluded to in the remark : 

"Tout le monde est d'accord sur ces principes; mais pour 
pouvoir observer ime uniformite absolue, il faut que les donn^es 
du probleme k risoudre soient elles-mSmes uniformes. Dans le 
pent de la place de I'Europe, toute la partie centrale pr^sente 
Funiformite la plus complete : mais il ^tait impossible, ou du 
moins nous pensons que cela T^tait, de maintenir cette unifor- 
mity dans les parties triangulaires oh les directions et les pentes 
des rues sont toutes diff^rentes et ne peuvent Stre, en aucune 
facon, modifi^es." 

M. Clerc thus accounts for the departure from the angle of 
45° in some of the diagonal bars : 

" L'angle, adoptd g6n6ralement pour les barres de treillis, est de 
45°, et la presque totalite du pent est ^tablie avec cet angle. On 
a dA, par suite de Faugmentation de hauteur donnee k quelques 
poutres sous les parties triangulaires, pour racheter la pente des 
rues, augmenter im peu cette mcUnaison, ainsi que dans certaines 
divisions des poutres intermediaires, pour racheter les differences 
de longueur totale entre les cul6es provenant du nonparalle- 
lisme de ces cul^es ; mais ces differences ne s'appliquent qu'a 
une trfes petite partie de treillis, et Ton peut dire g[ue, clans 
la presque totaht6 du pont, les inclinaisons des treillis sont les 
mgmes. Faire autrement, c'efit ^t^ de crier de gait6 de cobut des 
complications nouvelles." 

It is manifest from the following observation that the opinion 
of the author and of M. Clerc are not the same respecting the 
value of the counterweight at one end of the girder : 

"Le contrepoids place h Fextrimiti de la jpoutre L a, pour 
risultat, d'6conomiser aux moins 80 tonnes de fer et, de plus, de 
placer la grande port^e dans des conditions beaucoup plus 
rationnelles pour resister aux charges qui lui sont apphquees, 
qu'elle ne Fe&t 6t6 posie' librement sur deux appuis." 

The concluding remark applies to the principle of continuity : 
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^^ Je ne saurais partager cette mani^ de voir. Le principe 4^ 
continuity des poutres exige des calculs assez compliqu6s devant 
iesquels certains ingenienrs reculent. Mais il y a, sous le rapport 
du poids de la mati^re, un avantage 6nprme k Tappliquer aa lieu 
d'auopter des poutres libres. En outre, les poutres encastrdcs se 
comportent iniiniment mieux que les poutres libres sous le 
rapport de la flexion." 
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December 3, 1866. 

W. H. LEFEUVRE, Vice-President, in the Chair. 

ON THE DESIQNINa AND CONSTRUCTION OP 
STORAGE RESERVOIRS. 

By Arthur Jacob. 

Before entering upon such considerations as affect the selec^ 
tion of reservoir sites and their construction, a brief allusion to 
some of the most ancient works for impounding water may not 
be uninteresting. Of these the most prominent examples are 
undoubtedly to be found in Hindostan, where the magnitude and 
antiquity of the storage works cannot fail to arrest attention. 
These great works, surpassing in their immensity what are con- 
ventionallv esteemed to be the wonders of the world, the produc- 
tions of other countries and nations, took their origin in the ne- 
cessities of the people and the yariableness of the climate of Lidia, 
and were, in fact, great public works on which the welfare of the 
people mainly depended. The climate of India, although singu- 
larly uniform in some respects from year to year, is remarkably 
variable as regards the rainfall ; and in order to guard against 
the disasters of famine and sickness, inevitably attendant on a 
a scanty monsoon, the native princes were wont to make such 
provisions as large resources and an almost unlimited power 
enabled them, in order to obviate the difficulty that they had to 
contend with. 

The rain records of India for several years past show that 
scarcity of rain is indicated by periods of about five years, or that 
every fifth or sixth year is marked by a scanty rainfall over 
certain districts. The recurrence of these periods is, of course, 
not very clearly marked, but still it is sufficiently so to warranty 
with approximate correctness, the prediction of scarcity and fa- 
mine ; and such deplorable recurrence is, as all are aware, now 
reigning in India, and visiting with destruction, by sickness and 
hunger, some thousands whose sole dependence is upon a fair 
season of rain, and the successful matunng of their little crop of 
grain. 

The natural expedient for guarding against the recurrence of 
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these periodical calamities was evidently to be found in husband- 
ing a scanty supply of rain-water for the purpose of irrigation, and 
this the people of India appear to have understood. They took 
advantage, in certain districts, of every nook and ravine, whether 
large or small, and converted them mto storage reservoirs by 
throwing across banks of earth, or bundsj as they are termedf, 
producing, in certain districts, such an elaborate and complete 
system of irrigation as can only be compared, for cost and com- 
pleteness, to our railway system in England. Taking fourteen 
districts in the Madras irresidency where tank irrigation was 
most generally relied upon, the records of the Indian Government 
show that there are no less than 43,000 irrigation reservoirs now 
in effective operation, and as many as 10,000 more that have 
fallen into disuse, making a total number of 53,000 storage 
works. The average length of embankment is found to be about 
half a mile, the extreme Umit of the series being a dam of the 
immense length of 30 miles. This ancient reservoir, caUed the 
Poniary tank, is no longer in use, the cost of maintaining such a 
length of bank in adequate repair having probably been found 
disproportionate to the advantage derived from the supply. The 
work, embracing an area of storage of between 60 and 80 square 
miles, remains however as a record of what the Hindoos are 
capable of. To quote a second example, there is the Yeranum 
reservoir, now in actual operation as a source of supply, and 
yielding a net revenue of no less than 11,4502. per annum. The 
area otthe tank is 35 square miles, and the storage is effected 
by a dam of 12 miles in length. In order to bring the immen- 
sity of this system of storage works within the reacn of statistical 
mmds, it has been calculated that the embankments contain as 
much earth as would serve to encircle the globe with a belt of 
6 ft. in thickness. To show that these are not singular examples, 
one other embankment of remarkable size may oe alluded to. 
This embankment, of somewhat singular construction, was built 
on the island of Ceylon, and bears testimony that the Singalese 
monarchs were not behind their neighbours in public spirit or 
enterprise. The embankment was composed of huge blocks 
of stone strongly cemented together, and covered over with turf, 
a solid barrier of 15 miles in length, 100 ft. wide at base, sloping 
to a top width of 40 ft., and extending across the lower end of a 
spacious valley. 

Thus it will appear that the practice of embanking across 
valleys, for the purpose of retaining the surface water, has for 
ages been in operation. There is no doubt that the disposal of 
some of the most remarkable works in India is not what it mighty 
with advantage, have been ; the fact remains however that the 
desired end was attained, and if the earthworks were dispropor- 
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tionately extensive, it was a source of satisfaction at least for the 
projectors to know that they cost, as a general rule, little or 
nothing, the practice in those days being to press whatever 
labour was required, rendering in return nominal wages or none 
at all. 

The two main questions that it iit proposed to submit for con- 
sideration are, first, the selection of a reservoir site; and, secondly, 
the leading principles to be observed in the designing and cou- 
struction of storage works. 

The purpose or purposes for which the work may be required 
will, of course, affect materially the choice of a position, as well 
as the details of the structure itself ; but certain general 
principles are available for our guidance in every case, after 
considering which, it is proposed to dwell upon such points as 
apply to the special purposes for which reservoirs may be con- 
structed. 

The first and most essential point for accurate determina* 
tion by the engineer is undoubtedly the amount of rainfall, 
both maximum and minimum, that may be expected in the 
dbtrict under examination ; and, having arrived at reliable data 
on this point, the next consideration will obviously be, what 
amount may be made available, due allowance having been made 
for evaporation and absorption. When we know that the annual 
depth of rainfall taken all over the world varies, according to the 
locahty, between zero and 338 in. or 28 ft. deep (which excessive 
amoimt was on one occasion registered in the hill district of 
Western India), it will be obvious how little ground there will 
be for assumption, in the examination of any district hithertQ 
unexplored, with regard to the question of its rainfall. In the 
examination of any siven country, however, there are certain 
phenomena connected with the rainfall that will be found of 
almost invariable acceptation, and may with advantage be borne 
in mind. 

The rainfall will, as a general rule, be greatest in those districts 
that are situated towaros the point from which the prevailing 
winds blow. If Great Britain for instance be taken, the western 
districts will be found the most rainy. The very reverse how- 
ever of diis phenomenon is noticed in the neighbourhood of 
mountain ranges. If the wind prevails from one side rather than 
from the other, it is found that the greatest rainfall is on the 
leeward side of the range, and the probable solution of the matter 
is, that the air, highly charged with moisture, is carried up the 
hills by the wind until it comes into a cold region of the atmo- 
sphere. Condensation of the watery vapour iounediately takes 
place, and the result is a fall of rain on the side of the mountain 
range remote from the prevailing wind. 

Q 2 
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To this cause may also be attributed the fact that the rainfall 
is always greatest in mountainous districts, while it by no means 
follows that elevated plains are more abundantly supplied with 
rain than land lyin^ nearer to the sea level* The minciples are 
remarkably exemplified in the southern part of the Bombay Pre* 
sidency, where the author has had occasion to study the subject 
of rainfall. The Western Ghauts run parallel to the coast^ 
rising to a height of 4500 ft. above the sea, and form the western 
support of the great table-land of the Deccan, the mean elevation 
of which may be taken at 3000 ft. In the rainy season the 
south-west monsoon, blowing from the sea^mpinges against the 
ghauts, and while passing onwards to the Deccan, parts with its 
moisture to the average annual amount of 254 in. On a spur of 
mountain that runs eastward, the pluviometers are found to 
register but 50 in. ; and about 40 miles farther inland the rainfall 
is not more in some places than 15 in., which is considerably 
less than that registered in the lower-lying districts of the Presi- 
dency. 

In civilised countries like our own much valuable information 
is usually available regarding the rainfall, if not applying actually 
to the district under examination, then probably to some ne^h- 
bouring district, enjoying the same physical characteristics ; but 
when any project of great importance is in contemplation, it will 
not be sufficient to take the returns of adjoining districts as 
accurate information of the rainfall at the exact locality fixed 
upon for the construction of the works. It will be necessary to 
establish rain-gauges at different points over the catchment basin 
of the valley from which it is intended to obtain the supply ; and 
daily observations of these gauges must be taken for comparison 
with a series of simultaneous observations taken and recorded 
at the nearest station at which the rainfall has been regularly 
and carefully noted. It is evident that a comparison of the 
several observations taken over the area of water-shed with 
those registered at the permanent station will convey a just 
estimate of the amount oi maximum and minimum rainfall that 
may be relied upon. 

The amount of rain falling upon the ground is not, however, 
the point to be determined, though it will aid considerably as 
a guide to the engineer. A considerable quantity of all the 
rainfall is either absorbed by the ground or evaporated before 
it reaches the point at which it can be made available for storage. 
Regarding then first the question of absorption, it must be 
apparent that no two districts, imless they are exactly identical 
in soU, inclination of surface, and under similar circumstances 
of cultivation, can give on examination the same comparative 
result of rainfall and evaporation. If one district or unit of area 
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be similar to the other in all respects but the surface incline- 
tion, that which has the greatest slope will^ as a rule, give the 
largest perK^enta^ of water available for storage, because of 
course there will be less time for the rain to be absorbed. Again, 
the degree of cultivation will materially afiFect the result when 
two areas, otherwise precisely similar in their physical conforma- 
tion, come to be compared one with the other, it being evident 
that an open and well-drained soil will be more favourable to 
the retention of water falling upon it than compact and imper- 
vious land. In every case the pnysical features of a district will 
each and every one of them force itself on the attention, as in- 
fluencing the conclusion to be arrived at. If any genend rule 
can be applied, it may be said that the greater the slope of the 
valley, the more rapidly it will throw surface water off; the 
more denuded the surface is of soil of any kind, the less will the 
escape of rain-water be retarded; and the more compact the 
rocks composing the geological structure of a district, the better 
will the circumstances be for impounding water. The volcanic 
rocks and those of the granite order will be as favourable as any 
that could be desired ; while, on the other hand, porous rocks, 
such as the sandstones, chalk, &c., are too absorbent to offer the 
desired conditions for storage. It is not here asserted that all 
the water absorbed by porous rocks is necessarily intercepted 
f j^om passing away to contribute to storage supply ; much of it 
may be lost by evaporation and absorption by vegetables, but a 
considerable portion will often be found to contribute in the 
form of springs, if the disposition of the strata be favourable. 

As a further source oi loss, evaporation from the ground as 
well as from the surface of the reservoir, must oe taken 
into consideration. The circumstances attending the latter source 
of loss will be considered further on, as this does not affect the 
question of how much of the total rainfall may be made 
available. 

The question how much water will be evaporated at any 
moment from the surface of land is one involved in considerable 
difficulty ; and so many disturbing elements enter into the solu- 
tion of the problem, that its accurate determination may be re- 
garded as hardly possibly of attainment. The hygrometric state 
of the ground's surface, the aspect of the sky, tne amount of 
wind, and the temperature, will all, in their degree, exercise a 
sensiole influence on the amount of water that the ground will 
give off from its surface ; so that, in fact, it is doubtful whether 
any reliable and philosophically correct conclusions can be arrived 
at. The resultant facts from such experiments as have been 
carefully conducted afford, after all, the only data for the en- 
gineer to arrive at any general conclusion by ; and f ojr forming 
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a rough estimate for the probable available rainfall of a district^ 
the Allowing proportions of available actual rainfall may be 
accepted as furnishing general data ; but they are not meant to 
obviate the necessity m a careful and specific examination of 
the circumstances likely to affect the design of any particular 
work : 

Steep stLrfaees of granite, gneiss, and slate 100 

Moorland and hill pasture 60 to 80 

Flat cultivated country •. 40 to 50 

Chalk • ... to 

In order to arrive at more specific, and truly reliable results, 
the engineer will have to make a series of accurate observations 
on the discharge of the stream or streams that carry away the 
rainfall of a district ; and by doing so, and at the same time 
comparing the result with the amount of rain registered by the 
gauges — ^which should also, of course, be kept with accuracy in 
3ie locality under examination — an approximately true estimate 
of the available rainfall will be arrived at. 

If there is time in the preparation of a project to make the 
necessary examination of a district, it is eviaent that the results 
will speak for themselves ; and there will be no necessity to enter 
into abstract speculations concerning the theory of the infiuence^ 
affecting loss by either evaporation or absorption. 

In proportioning the size of a storage reservoir to the area of 
the catchment basin, the engineer will, of course, in the first in- 
stancy be guided by the requirements of the work. The object 
of the imoertaking may be any one of the following : 

To husband a scanty rainfall. 

To check the injurious effect upon the coimtry by floods. 

To add to the discharge of a stream, by preventing the escape 
of the flood waters. 

The amount of storage will always be part of an engineer's 
data in designing works. It will either be his object to store 
the whole of the water that the drainage area will afford, which 
will be the case in impounding water for irrigation, for example • 
or a certain fixed demand, governed by the want of a town or 
other requirements, will determine the amount of the rainfall 
that it will be necessary to retain for supply. In England the 
demand for water supply may be reckoned at from 150 to 180 
dajs, depending on tne amount, and the constancy of the 
rainfall ; as a rule, the six months' supply will be the safest to 
adopt. The following Table, extracted from Mr. Beardmore's 
work, shows the proportions that have been observed in designing 
some of the best constructed reservoirs : 
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LOCALITY. 



Bann Rfiservolra, 1837-S8 , 

Greenook, 1827-28, flat moor , 

Bute, 1826 , 

Glenoorae, Pentl&tid Hills .... 

Belmont, 1848, moorland , 

11 1844, „ , 

1845, „ 

1846 

Bivington Pike, 1847 ZZ. 

Longendale „ 

Bwineshaw „ 

Torton and Entnrlstle, 1836..,. 
,, 1887.... 

Bolton WatenrortM 

Aahton „ 1844 



Height 
above Sea. 



400 to 3800 
612 to 1000 
200to 850 
7»4 to 1600 
850 to 1600 



800 to 1545 
500 to 1800 
500 to 1800 
500 to 1800 

800 to 1600 
800 



sq. m. 

515 
7-88 
7-80 
6iN) 
2-81 



16-25 



818 



eft 
perm. 
1092-6 
1416^ 
819-0 
600-0 
630^ 
412-8 
511-2 
4118 
2880-0 



eft 
perm. 
210-2 
lW-7 
106-0 
100-0 
224-8 
146-4 
181-9 
146-8 
176-7 



576-7 181-8 

548-21 172-8 

100-2: 125-2 

407! 66-5 



48-0 
41-0 
23-9 
228 
50-7 
88-8 
41-2 
83-2 
40-0 
49-6 
87-0 
410 
89-0 
82-7 
15-5 




720 
60-0 
46-4 
87-0 
63-4 
50-0 
55-0 
49-8 
55-5 
55-5 
49-8 
46-2 
48-2 

46-0 



0.ft?C 
miU; 
S6^ 
88-0 

7-66 
26-8 



99-e 



81-48 



25-6 
21-0 



From this it appears that the proportion between the amount 
stored and the total rainfall varies between one-half and one* 
fourth. 

The rule suggested bjr Professor Jlankine " for estimating the 
available capacity required in a store reservoir, that founded 
upon taking into account the supply as well as the demand/' is 
probably the best that can be adopted in designing waterworks 
for the supply of a town, " for example,' 180 days of the excess 
of the daily demand above the least daily supply, as ascertained 
by gauging and computation in the manner above described." 
In order that a reservoir of the capacity *^ prescribed by the pre- 
ceding rule may be efficient, it is essential that the least available 
annu^ rainfall of the gathering grounds should be sufficient to 
supply a yearns demand for water. In calculating the capacity 
of a storage reservoir, the consideration of the surface evapora- 
tion must not be disregarded, especially when the works are 
designed for tropical or very dry climates. The amount of loss 
will m some cases be very considerable, for whatever depth of 
water be assumed to pass away into the air, it must be regarded 
as extending over the whole surface of the reservoir ; or in fact, 
the cubic quantity will be equal to the product of the depth eva- 
porated away and the mean snrf ace area of the reservoir as the 
water rises or falls throughout the year. Some have gone the 
length of asserting that the amount of evaporation from the surface 
of large and deep bodies of water is probably nothing at all, or at 
any rate, not worthy of consideration ; whilst others assume a 
much larger amount of loss than appears to be supported by 
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observation. The following extract from the article " Physical 
Geography," published by the Society for Promoting Useful 
Knowledge, expresses intelligibly the conditions that tend to 
promote evaporation : 

^^ Other things being equal, evaporation is the more abundant 
the greater the warmth of the air above that of the evaporating 
body, and least of all when their temperature is the same. 
Neither does much take place whenever the atmosphere is more 
than fifteen degrees colder than the surface upon which it acts. 
Winds powerf ifflv promote evaporation, because they bring the 
air into continual as .well as into closer and more violent contact 
with the surface acted upon, and also, in the case of liquids, 
increase, by the agitation which they occasion, the number of 
points of contact between the atmosphere and the liquid. 

^^ In the temperate zone, with a mean temperature of 52;^°, 
the annual evaporation has been found to be between 36 in. and 
37 in. At Cumana, on the coast of South America (N. lat. 10^), 
with a mean temperature of 81*86^, it ^as ascertained to be 
more than 100 in. m the course of the year ; at Guadaloupe, in 
the West Indies, it has been observed to amount to 97 in. The 
degree of evaporation very much depends upon the difference 
between the quantity of vapour which the surrounding air is 
able to contain wJien saturated and the quantity which it actually 
contains. M. Humboldt found that in the torrid zone the 
quantity of vapour contained in the au* is much nearer to the 
point of saturation than in the temperate zone. The evaporation 
within the tropics, and in hot weatner in temperate zones, is on 
this account less than might have been supposed from the in- 
crease of temperature." 

Thus it appears that evaporation, under highljr favourable 
conditions, may take place to the extent of 9 ft. m depth — an 
allowance that will demand careful consideration in designing 
storage works. In India, where from the extreme dryness oi 
the atmosphere the evaporation is found to be considerable, the 
usual allowance made by engineers for the evaporation from the 
surface of storage reservoirs is at the rate of half an inch of 
depth per diem for eight months in the year. Eegarding the 
results that have been arrived at in Bombay, this allowance 
would appear to be about double what is necessary, for the 
observations extending over five years give a mean daily evapo- 
ration of less than a quarter of an inch. In Bombay, however, 
the atmosphere is much more humid than that experienced on 
the great table-land of the Deccan ; and in Madras, where reser- 
voirs are the speciality, it is probable that the actual loss is not 
far from being a inean between the two fractions. Li Great 
Britain the mean daily evaporation is found to average less thaii 
the tenth of an inch. 
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In estimating the quantity of stora^ water that will result 
from the drainage of any particular district, it will be essential 
to consider carefully the geological disposition of the strata 
characterising the locality in which it is contemplated to establish 
the works. This, although a matter that may influence the 
effectiveness of an undertaking to the extent of success or 
failure, will appear to the purely practical man to imply a 
degree of refinement that is uncalled for. There will be no 
ditnculty however in showing that the geological conformation 
of a district may be such as, on the one nand, to materially con- 
tribute to the efficiency of a storage reservoir, or on the other to 
prove so defective that no engineering skill or pecuniary outlay 
could remedy it. A condition of geological structure perhaps 
the most favourable that could be imagined is that shown m 
Fi^. 1. This diagram represents a ^ological section taken at 
right angles, or nearly so, to the axis of the vallev that it is 
proposed to convert to the purpose of storage. This somewhat 
peculiar structure is what is geologically termed ayncUnaly the 
beds inclining away from the axis of the valley, and is the result 
of an upheavmg force having taken place underneath the points 
of greatest elevation. Subsequent to the upheaval and conse- 
quent displacement of the strata, the process of denudation has 
taken nlace, cutting the upper beds, and leaving the outcrop 
exposed, not only inside the basin, but in the adjoining valleys 
at O and O. Jfow, it is evident that if the nighest ridges 
bounding the'valley be taken to mark the line of water-shed, and 
therefore limiting the area of the catchment basin, it is possible 
that the estimate of the amount of supply may be found far 
short of what the district will yield. A certain proportion of 
the rain falling upon the outcrop at the points O O will be 
absorbed by such of the strata as are porous, and the water, 
percolating through the bedding, till an impervious stratum is 
met with, will find its way down the course of the stratification, 
till it ultimately reaches the reservoir in the form of spring, 
and contributes more or less to the maintenance of the suppfy. 
The converse of this condition of things will be readily imder- 
stood by reference to Fig. 2. It also represents a section taken 
directly across the valley of the proposed reservoir. Here the 
strata of the earth's crust incline against each other consequent 
upon some disturbing force having taken place to elevate tnem, 
and are said to be anticlinal to the axis of the valley. In order 
to account for the formation of a vallev on the summit of the 
ridge, that at first was thrown up, it is to be understood that 
the upper beds suffered fracture in the process of upheaval, 
and subsequently were exposed to denudation. These vallevs 
of elevation are evidently not to be desired as situations for the 
establishment of storage reservoirs* The area of the gathering 
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grounds will be much more limited than the extent of the water- 
stied would appear to indicate ; and cannot saf elj be relied upon 
to give an estimate of the quantity of water that the valley wiU 
afford. A certain amount of water will imdoubtedly pass over 
the surface in times of heavy and continued rain^ before it can 
be absorbed; but there is no doubt that of all the water 
absorbed by the ground, by far the greater portion will follow 
the inclination of the strata, and come out as springs in the 
adjoining vallej^. 

Fig. 3 shows a geological section that combines in it favour- 
able and unfavourable conditions for the storage of water. On 
one side the outcrops of the strata are found to extend beyond 
the highest point oi water-slied line^ whilst on the other -side the 
strata mcline away, producing such a condition as would favour 
the escape from the valley of the water absorbed. 

Certam rules are in general use for estimating the quantity of 
the total rainfall that will be lost by absorption and evapora- 
tion, with a view to determining the proper proportion to be ob- 
served between the reservoir ana the area of the catchment basin. 
Two-thirds of the whole fall is sometimes taken to represent the 
loss that may be expected from the drainage of any district, in 
general terms — one-third being assumed as the amount that may 
actually be intercepted for utilisation. Some authors leave a 
much smaller margin, and state that fully two-thirds of the 
total rainfall may fairly be taken as available for storage. This 
is a large discrepancy when the application of the rules is taken 
to be general : but when the statements are applied to separate 
districts and different countries, there is nothing irreconcilable in 
them. General rules are undoubtedly of much value if they be 
received with qualification, and are not adopted as of absolutely 
universal apphcation. They cannot however with safety be 
substituted tor specific investigations, when so much depenos on 
starting with accm^ate data. 

Eesekvoih Sites. 
The special requirements of each particular case will, as a 
general rule, ep far towards determining the selection of a site 
for the establishment of storage works. Assuming however 
that there is a considerable extent of country situated advan- 
tageously in relative position to the locality at which it is pro- 
posed to utilise the water, and that there is a choice of ground, 
the point to be considered chiefly will be the natural lie of the 
country. To throw an embankment across a valley at any point 
without due regard to the configuration of the ground would 
most probably result in an expensive and ill-designed scheme; 
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for under such circumstances the cost of the dam would bear a 
very large proportion to the quantity of water stored. It will 
rarely happen that, in the examination bf the resources of any 
particular piece of country, some special features will not pre- 
sent themselves, favourable to the situation of storage works. 
The most advantageous disposition of the ground will be when 
two spurs of high land approach each other, forming a narrow 
outlet for the stream, and leaving a wide space above them in 
the valley for storage. Such a configuration is not uncommonly 
met with at the junction of two streams, as shown in Fig. 4. 
This is merely a sketch from memory, by the author, of a 
reservoir that he designed in India for purposes of irrigation ; 
and it will be evident that the disposition of the ground was 
singularly favourable in every respect for the construction of a 
large storage work. The area of the reservoir, as designed, was 
about three square miles, and the maximum depth 90 ft., the 
area of the catchment basin being about 60 square miles. 
Such favourable situations for storage are of somewhat rare oc^ 
currence ; for when the contour of the land is what is desirable, 
it may be that the area of water-shed is not adequate, or possibly 
the geological condition of the ground may be unfavourable, or 
the materials for the construction of a sound bank are not 
available* In examining large tracts of country in India, with 
a view to the establishment of irrigation reservoirs, the author 
found that more reliance was to be placed on a careful examina- 
tion of the map in the first instance, than on the common plan 
of making personal explorations of the country. A good map 
will show at a glance, especially if the hill-shading has been 
carefully engraved, the points at which the supply will be found 
sufficient to justify the undertaking ; and will probably furnish h 
pretty true indication of sites at which embankments may be ad- 
vantageously constructed. 

In tropical climates, where the rainfall is in places very scantn 
and where the land is not of great value, it not unfrequently 
happens that such situations prove available for the establish- 
ment of large storage works as would not under any circum- 
stances be made available in England. These sites are to be 
found, not at the head of a valley, but at some cwisiderable 
distance down the course of a stream, where, the general in- 
clination of the country being slight, a low embankment serves 
to store a very large area of water. The apparent disadvantages 
of such a site for storage are the large area of land swamped 
and lost to the cultivator and to Government, and the great sur- 
face exposed to evaporation under a tropical sun and the in- 
fluence of a diT wina. In India, the first objection is one of 
comparatively uttle moment, considering that in those districts 
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where irrigation is most required the value of land is very 
trifling. . From Is. to 28. is about an average rent per acre, where 
land is under dry crops ; but when water is available, the culti- 
vators can, with pront, afford to pay 30s. per acre. It is there- 
fore evident that, so far as Qovemment is concerned, there is 
no sacrifice in the matter, but, on the contrary, an unspeakable 
benefit is conferred on those landowners who hold farms below 
the reservoir; and an ample supply of water is stored in the 
drvest seasons to mature those crops whose failure almost inevi- 
tably reduces the people to the verge of starvation. The evapo- 
ration from these lakes is, beyond question, a source of very 
considerable loss, and one that admits of no possible abatement. 
Estimated as above, at about half an inch vertical for eight 
months of the year, the loss frequently amounts to one-thirdof 
the whole body of water stored. As a set-off against this and 
other objections, the facilities for constructing tnese reservoirs 
of great extent, are considerable. In the first place, the embank- 
ments, being very low, are rapidly and cheaply constructed by 
native workmen ; and when finished, the head of water even 
at the deepest point is not sufiicient to try the work to any great 
extent. Further, the greater the extent of the reservoir, the 
less inconvenience is experienced from silting. The streams, 
owing to the suddenness of the rainfall, come down heavily 
charged with earth in suspension, the mass of which is deposited 
like a miniature delta at the influx of the reservoir, instead of 
passing on and resting near the embankment, as invariably 
occurs in reservoirs of small extent. The immense consumption 
of water necessaiy to confer any appreciable benefit by irrigation 
is of itself the strongest argument in favour of these broad and 
shallow reservoirs ; for it is not possible to find in the upper part 
of a vallev such sites as would store the requisite quantity of 
water without an embankment of excessive dimensions; "and 
moreover, the catchment area in such situations is not usually 
sufficient to serve, with a scanty rainfall, for the supply of a very 
large reservoir. It is not, of course, maintained that this mode 
of storing water is bv any means appKcable in England, for 
the circumstances and requirements in each case are wholly 
dissimilar. 



Supply. 
The reservoir site being supposed everything that could be 
desired, as regards the disposition of the groun<^ die supply will 
next engage attention as a matter of course. Assuming that 
the gathermg grounds are sufficiently extensive, it is presumed 
that the reservoir will be constructed to contain sufficient water 
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to meet the maximum demand, whatever that may be calculated 
at; and in order to determine with accuracy what capacity the 
reservoir will have with different heights of embankment, it will 
be necessary to carry out certain levelling operations over the 
ground. T^he least elaborate manner of proceeding will be ^to 
run a series of cross-levels through the valley, referring all to 
the same datum, and by comparing these levels to ascertain 
what the average depth will be for a given height of bank. 
Having decided the neight of the water-level, die next opera- 
tion wul be to contour round the basin, and to survey the boun- 
dary-line* In this way may be acquired sufficient knowledge as 
to the storage capacity, to justify the procedure with the work* 
When the execution of the project has oeen determined upon, it 
will be adviBable to make a more accurate survey of the oed of 
the valley, and this can best be done by covering the whole plan 
with a series of contour lines at a vertical distance from each 
other of about 5 ft. This kind of survey will be of lasting value 
to the engineer, for it will enable him to calculate what quantity 
of water the reservoir will contain at each foot of depth ; and, 
consequently, he will know, from a mere inspection of the gauge 
in the reservoir, how much water he has at his disposal for 
service. 

It has been assumed that the ^thering grounds are sufficient 
to maintain the requisite supply m the reservoir ; but it may be 
well to pause and inquire what extent of water-shed will be suffi- 
cient to furnish a given supply, and what method may be adopted 
for supplementing an insufficient drainage area. It has before 
been remarked that the only reliable information, when there is 
any question as to the sufficiency of the rainfall or the area of 
the catchment basin, can be derived from careful gaugings of 
the stream or streams that may be depended upon to contriDute 
to the supply. If the catchment area is very large as compared 
to the capacity of the reservoir, a mere inspection of the map 
and an exploration of the ground will generally be conclusive as 
to the sufficiency of the supply for storage. Should there not 
be such conclusive evidence on this point, it must be determined 
by measuring the quantity of water that absolutely flows off the 
ground, at the same time gauging the rainfall. This latter pre- 
caution would appear unnecessary, but in truth it is of great value, 
for it will furnish, by comparison with the rainfall registers that 
have been kept through the same year, and a series of previous 
years, evidence as to tne amount of available rainfall that may be 
expected during terms of comparative drought. If the supply of 
a town with water be the desideratum, the rule to be rigidly 
observed is that of making a minimum supply meet the maadmum 
demandy and therefore it is of the highest importance to determine, 
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beyond any doubt, what the minimum yield of a catchment basin 
will be. 

As a mode of supplementing an insufficiently large draina^ 
area, catchment drains or feeders have frequently rendered good 
service. These are cuts that are carried outside the water-shed 
line to arrest the surface drainage and catch the contributions of 
small streams, and conduct the water into the reservoir. The 
greater the area enclosed between catchment drains and the 
water-shed line, the more valuable will they be as aids to the 
supply of the reservoir. They of course virtually extend the area 
of tne catchment, adding so many square miles or acres to the 
rainfall. 



Designing of Wobks. 

Knowing the exact requirement of a given nopulation, or rather 
having fixed, after every consideration, the aaily consumption of 
every individual that it is proposed to supply, there win be no 
difficulty whatever in proportioning the reservoir to the demand 
upon it. It is sometimes necessary, however, to provide reser- 
voirs for the purpose of preventing damage to the country by 
floods, and in this way the inconvenience and injury naturally 
consequent upon very sudden and excessive falls of rain may be 
to a great extent obviated. The duty of the reservoir will be to 
arrest all water in excess of what the stream can carry within its 
banks, and to dispose of this excess water, so to speak, in detail, 
after the excessive rainfall has become moderated. A compari- 
son of a stream's discharge, taken at highest floods, with the 
quantity that it can carry witnout overflowing its banks will show 
tne excess that has to be retained by the reservoir ; and these 
data can only be arrived at through a carefully kept record of 
the extent of the floods and of their duration. The maximum 
flood in this cohsideration will not be that which rises to the 
greatest height for a short time, but will be the product of the 
excess above what the river can discharge by the length of time 
the flood lasts : which will, in fact, be the necessary capacity of 
the reservoir. 

The Table given on page 231 will afford an interesting study 
when compared with the following Table, extracted in part from 
the same work. The first gives a comparative view of tne volume 
of water gauged and stored in small hill districts, the last column 
indicating the proportion of the total available rainfall to the 
amount actually intercepted for storage. The following Table 
shows the ordinary summer discharge of various rivers, streams, 
and springs, as unaffected by immediate rain : 
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BIVEES. 



Height 
above Sea. 



lliames at Staines, chalk, greensand, 
Oxford clay, oolites, Ac 

Severn at Stonebench, silnrian 

Loddon (February, 1850), greensand 

Kene, at Peterborough, oolites, Ox- 
ford clay, and lias 

Himram, at Fanshanger, chalk 

Lee, at Lee Bridge, chalk (Reonie, 
April, 1796) 

Wandle, below Garshalton, chalk ... 

Hedway, dryest seasons (Rennie, 
1787), clay 

Ditto, ordinary sommer nm (Rennia, 
1787) 

Verulam, at Bnshey Hall, chalk 

Gade, at Honton Bridge, chalk 

Plym, at Sheepstor, granite 

Woodhead Tonnel, mUlstone grit 

QlenoorseBom 



Valley. Hill, 

ft ft 

40 to 700 

400 to 2600 

110 to 700 

10 to 600 

aOOto 600 

80 to 600 

70 to 860 



160 to 600 
160 to 600 
800 to 1600 

1000 
760 to 1600 



mUes. 

8086 
8»00 
2218 

620-0 
60-0 

670-0 
410 

481-6 

481*6 

120-8 

69-6 

7-6 

'6-0 



c. ft 
permin. 

40,000 

83,111 

8,000 

6,000 
1,200 

8,880 
1,800 

3,209 

2,620 

1,800 

2,600 

600 

180 

180 



eft 
permin. 

12-98 
8-49 
18-63 

8-46 
2-4 

16-68 
48-9 

4-69 

6-28 
14-9 
86-2 
71-4 

2liB 



2-98 
1-98 
801 

1-88 
6-6 

8-68 
9-98 

1-04 

2-19 

8-37 

819 

1610 

4i» 



in. 

24-6 

25-4 

281 
26-6 

24-0 



46-0 
460 
87-4 



Where the reservoir is designed to check the injurious effects 
of floods^ the proportion of tne storage to the rainfall will, in 
most cases, be much smaller than what would be necessary to 
provide for the better part of a whole yearns faU of rain ; for it 
IS not probable that the maximum known flood can ever exceed 
the amount that it would be necessary to store for economic 
purposes. 

Proportions of Bank. 

The proper proportion to be given to an embankment for the 
support of water is a question that appears to admit of a 
good deal of difference of opinion, some designers taking one 
view, some another, of the proper theory that is to determine 
the dimensions of a bank. Some few, with whom the author 
cannot agree on this point, maintain that a bank ought to be 
designed with strict reference to its theoretical power of resist- 
ing hydrostatic pressure, or the effort of the water to displace 
it. Regarding the question in its abstract form, it will be evi- 
dent that any structure intended to sustain the pressure of 
water may be supposed to fail in one of two ways — either, in 
the first place, by yielding to the horizontal pressure of the 
water and overturning, or by progressive motion, ue. sliding on 
its base. In considering the first theoiy, that of resistance to 
overturning, the easiest method of examining the question will 
be to take a simple example of a vertical rectangular wall, and 
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ascertain what power it exercises to resist the pressure of water. 
The pressure of water upon any plane surface immersed is 
known to be equal to the area of that surface^ multiplied by the 
depth of its centre of gravity below the level of the water and 
by the weight of a unit of water. Generally speaking, the 
unit adopted in calculations is a foot; and the unit of water 
being taken at a cubic foot, weighing 62*5 lb., the resulting pro- 
duct from the multiplication of the three quantities will give 
the pressure in pounos on the surface immersed. Let it be sup- 
posed, for simplicity, that water to the depth of 10 ft. has to 
De sustained by a vertical rectangular wall, as in Fig. 5. It 
is usual to take but 1 ft. length of the wall for the calcula- 
tion, though it will not affect the result whether one foot or one 
hundred ^et be the length assumed. We then have the sur- 
face under pressure =10 square feet, the depth of the centre 
of gravity=5ft., and the weight of a cubic foot =62*5 lb., 
the product of which quantities gives us 3125 lb., the pressure 
on 1 ft. length of the wall. But this pressure is not the whole 
of the force that the wall has to resist ; the leverage that it 
exerts must also be taken into account. In the example under 
consideration — ^viz. that of a vertical plane with one or its sides 
coinciding with the surface of the water, as in Fig. 5 — ^the 
whole of the pressure is so distributed as to be equal to a 
single force acting at a point one-third of the depth from the 
bottom. Thus, the total force to be resisted by the wall is 
3125 X 3*33=10,406, which is the moment tending to overturn 
the wall. 

It is evident that a certain weight of the wall must be op- 
posed to this overturning force ; and as the height of the wall 
and the length are determined quantities, the thickness alone 
remains for adjustment. But as a rectangular wall in upset- 
ting is considered to turn upon a single point, F, in the Figure — 
viz. the outer line of the foot of the wall — there will be a cer- 
tain amount of leverage to assist the wall in resisting the pres- 
sure of the water. This leverage is the horizontal aistance of 
the centre of gravity of the wall from the turning point, F, 
and when the structure is rectangular and vertical, it is equal 
to half the thickness. The amount of the waits resistance 
will then be equal to the number of cubic feet in one foot of 
its length multiplied by the weight of a single cube foot of 
masonry and by half the thickness of the wall. Taking ti?= 
weight of a cubic foot of water = 62*5 lb., tr^= weight of a 
cubic foot of brickwork, say 112 lb., ^= thickness of the wall, 
and /i=the height, the conditions of simple stability will be ful- 
filled when 
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toixAx«x|=t(7xAx|x| (1) 

""2 6"' 

and solving for Xy we get j 

*— ^ ••• ••• ••• ••• \£i) 

the thickness of the wall =4 ft. 4 in. 

A simple example has been selected for illustration ; but of 
course a rectan^ar section of wall would not be found gene^ 
rally applicable m practice, nor would it be convenient to limit 
the dimensions of a retaining wall of whatever kind to the mmi- 
mum that would sustain the pressure. If this principle of cal- 
culation be applied to ascertain the stability of a bank of earth 
with long slopes of 2^ or 3 to 1, it can easily be shown that in 
every case the resistance of the bank to overturning is greatly 
in excess of the horizontal leverage exercised by the water sus- 
tained. 

The only theory, then, in any degree tenable is that assuming 
a bank in yielding to the pressure of water to slide on its base. 
In order to conceive how this can apply, it is necessary to as- 
sume the embankment to be a rigid body resting, for a given 
length of its section, on a horizontal plane ; and without any 
adhesion, or a very small fraction, existing between the surfaces 
pressed. The amount of the friction, however, is just the point 
upon which the whole matter hinges, and until it has been as- 
certained that the surfaces of earm that are carefully incorpo- 
rated with one another have any such thing as a co-efficient of 
friction, it is idle to pursue the investigation by a mathematical 
mode of reasoning. The conditions of stability will be satisfied 
when the horizontal component of the water^s pressure against 
the bank will equal the weight of the bank, plus the vertical 
pressure exercised by the water to hold it down and multiplied 
by the co-efficient of friction ; but nothing is known of this co- 
efficient, and consequently the equation remains incapable of 
solution. As a matter of fact, embankments do not slicle bodily 
forward on their base when they fail, but give way from other 
causes than mathematical reasoning can supply. LandsUps, it 
is true, to some extent support the principle that maintains the 
sliding of embankments ; out, here, the circumstances are widelv 
different. Landslips either take place when a mass of eartn 
rests upon an inclined surface of rock, with an ample supply of 
water to lubricate the surfaces in contact, or else they are the 
result of cutting or embanking earth to a higher slope than the 
material will stand at : the infiltration of water also in this case 
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ifl the chief acent in producing the effect, ax^g as a lubricant, 
and causing the earth to assume its natural slope. In each case 
the siurface of separation is an inclined plane, an element that 
does not enter into the question of the staoility of embankments, 
by either of the modes of reasoning above referred to. The 
principles that direct the desi^ of embankments to retain water 
are not those that apply to me calculation of the forces to be 
resisted or the means to overcome them, any more than break- 
waters and harbour walls can be desienea on mathematical 
principles. The whole question naturalfy turns on what slope 
the material composing the bank will stand at. If earth could 
be got to remain at a slope of 1 to 1, even though the embank- 
ment had no thickness whatever at top, it would be amply 
sufficient in weight to uphold the water in a reservoir. This, 
however, cannot oe accomplished without the assistance of re- 
taining waUs, which would be found in most cases much more 
expensive than the additional earth required to increase the slope 
to the angle of stability ; and therefore the section is so dis- 
posed that the earth snail stand both inside and outside the 
reservoir at such a slope as will be. under all circumstances per- 
manent. These slopes have been determined by long practice 
and by success and failure in pre-existing instances — that is to 
say, the limits have been laid down, for it is not to be assumed 
that all descriptions of earth will fall to exactly the same slope 
when exposed to the constant action of water or weather. Eaith 
when subjected to the contact of water almost invariably loses a 
certain amount of its stability, and therefore it is usual to give 
the inner side of an embankment a longer slope than the outside. 
In most of the best existing examples the mside slope of the 
bank is either 3 to 1 or 2^ to 1, ana it is rare to meet any de- 
parture from this rule. The outside slope may be desimed at 
from 2 to 1 to 3 to 1, depending upon the character of 3ie ma- 
terial, its power of withstanding the erosive action of the air, 
and the means used to protect the surface from being washed off 
or from crumbling away. In designing embankments, the im- 
permeability of the earth is a matter that cannot be relied upon. 
There are, it is true, innumerable embankments now standing 
that have never allowed the escape of a drop of water from the 
reservoir, although no special precaution was taken to make 
them watertight. Of these India abounds with examples, the 
introduction of a puddle-wall being in the older embankments of 
very exceptional occiuTcnce. The earth was merely dug out 
close at hand, and carried by the workpeople in baskets on their 
heads to where it was deposited, without any regard to the mode 
of disposing the material. The author has had occasion to con- 
struct a considerable length of levSey or embankment, on this 
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simple plan for the protection of the country from the flooding 
of a river ; and although, so far as he is aware, no flood has yet 
taken place to test the work, he has, from the study of eidstmg 
examples, entire confidence in the result. The earth, so far as 
practicable, was disposed in layers, and before each was com- 
pleted it waa thoroughly consolidated by the tread of the work- 
men. It is not suggested that the puddle-wall should be dis- 
pensed with in designing embankments, for the additional degree 
of safety, in most instances, will more than compensate for the 
extra expense it entails; but, in low embankments made of 
good retentive clay, the precaution of puddling is by no means 
a necessity. 

In most of the best examples of embankments in England, the 
practice adopted has been to carry up the earthwork in layers of 
3 or 3 ft. in thickness, disposed in the manner shown in Figs. 6 
and 7, and at the same time to construct in the centre of the 
bank a wall of well puddled clay, the foundation of which is 
carried down for whatever depth may be necessary in order to 
reach an impermeable bed of earth or rock. It is not in all 
situations possible to procure earth exactly suitable and in sufli^ 
cient quantity for the construction of an embankment, and !con- 
sequently, it is usual and advisable to dispose the best part of the 
material — that is, the most retentive of water — ^in juxtaposition 
to the puddle wall, as indicated in Fig. 6. In this example the 
selected material is disposed equally at either side of the puddle ; 
but, as its fimction is to withstand the admission of water, it 
would probably be more consistent, though less in accordance 
with practice, to place all the selected material on the inner side. 
The practice of excavating the earth for an embankment from 
the inside of the reservoir is one that should not be followed 
without caution. Eemoving so large a mass of material would, 
no doubt, give a considerable increase of storage room; but 
sometimes tne bed of a reservoir is covered by a layer of imper- 
vious clay that is of immense value, and if this be cut through 
or removed, it is quite possible that a bed of porous material 
may be met with sufficient to allow the escape of water when it 
comes to be admitted. In specifjdng for the dimensions of the 
puddle wall, a sound rule for adoption is, that it shall have a 
thickness of 10 ft. at the top water-line and increase in thiclmess 
to the surface of the ground at the rate of 1 in. on each side for 
every foot of height. Before any excavation is commenced, it 
will be essential to make a sufficient number of borings to ascer- 
tain the nature of the soil beneath the surface. 

It may here be mentioned that professional men are not appa- 
rently yet agreed as to the principles to be kept in view in con- 
Btructing reservoir embankments ; and this want of concurrence 

b2 
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never was more apparent than in the discussion that followed the 
destruction of the Dale Dyke reservoir, near Sheffield. Fig. 8 
shows a cross section of this ill-fated embankment, and Fig. 9 a 
plan of the embankment site after the catastrophe. The baiuc was 
95 ft. high, with slooes of 24 to 1, and a top width of 12 ft. The 
puddle waU was 16 ft. in width at the ground-line, and tapered to 
4 ft. at the top of the bank. This embamonent, with the exception 
of the puddle wall, was composed of rubble stone and shale; an 
additional price having been given by the engineers to ensure the 
use of the former material ; which proves, at any rate, that this 
mode of construction was adopted on principle and not throogh 
ignorance or mistake. From the evidence given by the engineers 
<? the company, it appears that it was, in their opinion, desirable 
that the inner part of the embankment should oe permeable to 
water, because earth was much more likely to subside and slip 
than an open and less yielding material like stone. This mode of 
construction implies that the puddle shall be fully sufficient of 
itself to resist the passage of water, and that there is no necessi^ 
to relieve it of any part of the pressure against it. Of course if 
a bank be composea of open work, every point in the face of the 
puddle is exposed to the full and direct hydrostatic pressure; 
and if at any point there is the smallest fissure or imperfection, 
the water has full power against it, and will, to a certainty, take 
advantage of such point to breach the dam. The assumption, 
then, of the constructors of this and the Agden reservoir evidently 
was that a puddle wall of some 25,000 square feet of area was 
to be constructed without an imperfection of any kind, or a single 
weak point in the whole surface. 

The obvious reason for employing puddle at all in embank- 
ments is to thoroughly close up any imperfection that may occur 
in the earthwork ; it is in fact merely an accessory, and cannot 
be relied upon of itself to secure the embankment against de- 
struction. If an embankment be constructed of good sound 
earthwork, properly executed, it is highly probable that the 
water may never penetrate half way throuffU to the puddle wall, 
and probably, in the majority of examples, has not done ao. 
Earthwork, however, is not always executed without imperfec- 
tion ; some decomposable material may be introduced, wnich in 
course of time dissolves, leaving a fissure ; one part may be at 
first less consolidated than another, and, subsiding, lead to imper- 
fection ; or an embankment, be it ever so well constructed, may 
be burrowed through by moles, rats, and other vermin. It is to 
meet the first two of these sources of imperfection that puddle is 
used ; and if, by such fissures as may occur in ordinary earth- 
work, water is admitted as far as ^e puddle wall, it can only 
exerdse pressure against it at a few points, the puddle and 
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earth being, in good work, so bonded and incorporated with each 
other that there is no space left for the water to occupy and 
press against the surface. Most who have read the account of 
the disaster that occurred in March, 1864, at Sheffield, will re- 
collect how singularly conflicting the professional evidence on 
that occasion was. Some of our first engineers were ranged 
against each other in order to satisfy the public as to whether 
the failure of the embankment was attributaole to bad enmieer- 
ing or to a landslip ; and although the impression finaJly re- 
mained on the public mind that ^' there was not that engineering 
skill and attention to the construction of the works that their 
ma^itude and importance demanded," the engineers were fairly 
divided in opinion as to the cause of the disaster. One section 
pronounced, without Qualification, that the embankment gave 
way in consequence oi a landslip, and entirely ignored the fact 
of the embankment being defectively constructed; whilst the 
other gentlemen gave their verdict dead against the company, 
and their mode of constructing water-tight banks. The two 
diagrams, Nos. 6 and 7, may be taken as mdicating the system 
of constructing embanlonents most generally approved of. The 
puddle, as will be observed, is carried up to the natural surface 
of the ground without any batter, and from that point slopes on 
each side to the top of the bank ; on either side of the puadle is 
disposed, in concave layers, the most sound and retentive part of 
the material, and outside of all comes the oridnary earthwork. 

As a security against the eroding action of the water, and also 
against the inroads of vermin, the most desirable, as well as the 
most usual practice is to pitch the whole of the inner face of an 
embankment with stone, carefully laid by hand. Neglect of this 
precaution has led to the destruction of many embankments in 
other respects securely constructed, and even when ample height 
of bank above the surface of highest water was provided. In 
all ordinarily inclement weather the disturbance of the surface 
of a reservoir amounts to no more than a mere ripple ; but when 
the surface is of large extent, and a severe storm blowing, the 
waves produced are such as to cause reasonable apprehension, 
and in fact, have, before now, overtopped the bank and cut it 
down, till the water flowed over and caused the destruction of 
the work. In most cases, it will be necessary to leave about 5 ft. 
between the level of the highest water and the top of the em- 
bankment, and never less than 3 ft. 

A mode of construction not very generally used, but appa- 
rently consistent with reason, is that shown in Fig. 7, the em- 
bauKment for the Bideford Waterworks. It consists in covering 
the whole of the inner face with a layer of puddle, with some- 
times a layer of peat outside it. On some occasions it has been 
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thought desirable to mix with the puddle a quantity of small 
stones or furnace cinders, by way of obstruction to vermin — a 
precaution that is by no means unnecessary. As an instance in 

Eoint, the author is reminded of a masonry dam ih India that 
ad to be pointed every year regularlv, because the fresh-water 
crabs in the reservoir found it convenient and promotive of their 
development of shell to appropriate the mortar to their personal 
use. The joints were cleaned out as effectually at the end of 
each monsoon as if the work had been done to order. 

The preparation of the foundation for an embankment is a 
matter requiring some care. Tlie soil, consisting of grass, roots, 
&c., and other matters of a deconiposable nature, should be care- 
fully removed over the whole surface to be covered by the bank ; 
and if any porous material, such as sand or gravel, be present, 
it must be removed, until a compact and water-tight bed is 
arrived at. The bank must, in fact, be in contact with some 
flound and reUable material that will not admit the passage of 
water. 



Appendageb of Bbsbbyoibs. 

Under this heading may be considered : 

The whole apparatus for allowing the water to escape, in- 
cluding the pipes, the valve tower, and the culvert ; 
The waste sluices ; 
The waste weir or by-wash. 
The most economical mode of discharging water from a reser- 
voir is through a single pipe passing either through the embank- 
ment or immediately under it ; but this plan cannot, under any 
circumstances, be recommended, though it is sometimes found in 
existing examples. It is open to several grave objections, the 

{principal of wnich, perhaps, is that the fauure of a joint under 
he embankment from imequal pressure, or from whatever cause, 
will probably produce the destruction of the embankment, or at 
any rate, entail a serious interruption to the supply, by the reser- 
voir having to be emptied in order to repair the pipe. Buried 
in or under an embankment, a pipe is completely out of reach 
and out of view, and may be in a very defective state without its 
being possible to detect the imperfection. 

In order to secure the satisfactory working of a reservoir as a 
source of constant supply, it is essential that the outlet pipes, 
valves, and all other appendages for controlling and regulating the 
escape of the water should be accessible for inspection and repair. 
The usual mode of accomplishing this is to carry the pipes ottt 
through a culvert of brick or masonry of sufficient dunensiona 
to admit a man. This culvert communicates with tile valve 
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tower, as shown in Figs. 6 and 7, so that there is a complete 
communication between the outside of the reservoir and the 
inside. When unavoidable, the culvert is carried straight under 
the embankment in the natural ground ; but the safest and most 
generally approved mode of construction is to bring the culvert 
round the end of the embankment, where it will be out of reach 
of injury from unequal settlement ; a source of no small appre- 
hension when either culvert or pipes alone are carried under the 
bank. Where possible, it is an excellent plan to run a heading 
through the solid ground, lining it with brickwork and puddling 
it, forming a tunnel entirely mdependent of the embankment. 
The principal objection to carrying either the culvert or pipes 
through or under the bank is their liability to fracture from the 
uneaual settlement of the earthwork. It would appear that their 
liability to damage cannot with certainty be ensured bv any 
reasonable depth of excavation, and is, therefore, generally dis- 
approved of by the best authorities. 

In the best constructions the culvert is situated half way or 
two-thirds up the embankment, and in such case the outlet pipes 
for drawing off the water in the reservoir act as syphons when 
the water surface has fallen below the culvert. Fig. 6 shows a 
plan, as well as a cross section, of a reservoir dam designed for 
general application by Mr. Rawlinson. Here the bottom of the 
culvert is about 25 ft. above where the inner slope of the embank- 
ment intersects the ground at the lowest pomt. The syphon 
pipe is also shown passing through the culvert ; the horizontal 
culvert is connected with a shaft inside the embankment, in which 
are placed the Valves for leading off the supply from the reservoir. 
The valves are made to be closed on the inside by valve spindles 
and screws, and the inlet pipes are closed on the outside by phigs 
which can be applied from the top of the valve-tower. Thus 
the engineer has full command of the whole of the outlet works ; 
aU the pipes and valves are easily accessible and under perfect 
control, so that the supply can at any time be arrested tor the 
repair of any derangement that may occur, even to the removal 
and replacement of aU the pipes. The inlet pipes are shown in 
this example, as well as in Fig. 7, fixed at different heights in 
the valve-tower, the object of which is to draw the supply from 
the reservoir from points near the surface. Fig. 10 shows an ar- 
rangement by which this object is effected very simply. The 
outlet pipe, passing through or under the embankment, is con- 
nected on the inside of the reservoir by a flexible joint with 
another pipe of the same diameter, to the upper end of which is 
attached a float. This pipe is movable in a vertical plane, being 
controlled from lateral motion by the guide-posts, as shown. 
Such an arrangement admits of the water being drawti off from 
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the surface, where it is least liable to be contaminated with im- 
purities. Whatever arrangement be selected for drawing the 
supply off from a reservoir, the system of carrying the pipes, 
either with or without a culvert, through or under the embank- 
ment cannot be sufficiently deprecated; they are, in such a posi- 
tion, beyond the reach of inspection, and moreover, are very 
likely to induce leakage from the reservoir. It is usual to 
puddle carefully the culvert or pipes when carried under or 
through the bank, but, even with such a precaution, the water 
has under a considerable head a tendency to creep along the pipe, 
and, by soaking into the earthwork, may cause any one of the 
many evils that imperil and destroy embankments. 

When embankments are not of great height, an exceedingly 
cheap and simple mode might be adopted for drawing off the 
water. This would be by laying a syphon over the embankment, 
as was done in the case of the miadle-level drainage in Cam- 
bridgeshire, which syphon would at the inner side have a flexible 
connexion with anotner tube having a float attached, as above 
described. Such an arrangement would apply in principle to 
heights not exceeding 30 ft., as the pressure of the atmosphere 
would maintain no greater height. In practice however the 
syphons cannot be worked with success at much above 20 ft., 
for it is found that after a short time, the flow becomes arrested 
by the collection of air in the upper part of the syphon, and it 
becomes necessary to pump the air out constantly, to prevent it 
from interfering with the flow, as it would do if not removed. 
It would appear a simple matter, where it is desirable to adopt a 
syphon, to utilise the power of the water flowing out for the 
purpose of getting rid of the air ; it might easily be applied, 
through a small wheel and suitable gearing, to work an air- 
pump fixed at the highest point of the syphon, making the whole 
arrangement self-acting. The arrangement could be successfully 
appUed to irrigation tanks in India, where the embankments are 
frequently less than 30 ft. Each leg of the syphon should be 
provided with a valve to retain the water, and wnen the supply 
was intermittent it would be essential to have an opening at the 
highest point of the syphon, and some appliance, perhaps an 
air-pump, for filling it with water in case of leakage. 

To ensure a constant discharge from a reservoir with a con- 
stantly varying head, several methods have been adopted; of 
these, one of the most ingenious is that used at the Gorbals 
Waterworks, near Glasgow. Fig. 11 represents a transverse 
section through the regulator-house, showing the arrangement 
by which the discharge is equalised. To the orifice of the outlet 
pipe, O, is fitted a square-hinged fiap valve of wood, against 
which presses, by a friction roller, a lever, B, the arms of whidi 
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are bent. To the upper arm is attached a chain that passes 
over a pulley, and is connected with a cast-iron cylinoer or 
float, D, that stands in the reservoir, E, of slightly larger 
diameter. At the side of the entrance-door of the building is 
placed another cistern, G, of cast iron, closed at top, and 
communicating by a pipe, R E, with the vertical pipe, H, which 
is in connexion with the outlet pipe, and passes up the slope of 
the embankment, to carry away any air that may accumulate in 
the main. The cistern, G, is connected with the reservoir, E, 
by a pipe, K, which supplies water to float the cylinder, D. 
Now, it IS evident that the discharge from the reservoir will be 
regulated by the position of the lever, B, and this again will be 
controlled by the height of the float, D. To regulate this 
height the supply from the cistern, G, must be sel&adjusting, 
or be regulated by the amount of water flowing away. The 
float, N, has attached to it a spindle, on which are Gxed two 
double-beat valves that work in the vertical part of the pipe, K, 
one of which admits water from the cistern, G, into the cylinder, 
E, and the other allows the water to escape from the reservoir, 
E. Now, if the surface of the water upon which the float, N, 
rests shoidd rise above the proper level, the float forces up the 
spindle, closing the supply valve from the cistern, and at the 
same time opening the lower valve. Thus the supply is cut ofif 
and the escape opened, enabling the float, D, to fall. The 
subsidence of the float closes more or less the flap valve, and 
checks the discharge, in consequence of which the surface of the 
water falls, and with it the flx)at, N, which consequently opens 
the supply valve, and again admits water into the cistern, E. 
Thus an almost perfect equality between the consumption and 
the supply of water is preserved. It would appear that the 
same effect could be produced by connecting the lever directly 
with a float on the surface of the water, but such an arrange- 
ment would only apply when the pressure against the flap is 
trifling. 

It is essential that every reservoir should be provided with 
some means of getting rid of the excess of water that flows into, 
it, and whether this provision be made by a waste weir, sluices, 
or waste pit, it is one that should not be omitted. The most 
advantageous position for a waste weir will generally be at some 
point remote from, and entirely unconnectea with, the embank- 
ment, and occasionally a natural depression in the ground, as 
shown in Fig. 4, wiU afford remarkaole facilities for the con- 
struction of an escape. The level of the crest of the waste 
weir with reference to the top of the dam will require to be care- 
fully adjusted, the minimum difference of level being 3 ft., and 
the maximum about 10 ft., depending on varying circumstances, 
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The height of the waste weh* will, of course, regulate the top 
water level in the reservoir ; and this must be fixed with reffara 
to the probability of the embankment being overtopj>ea by 
waves. The circumstances influencing the height of the waves 
in It reservoir are the extent of the water surface, the depth, and 
the amount of exposure to or shelter from wind, all of which will 
vary with each particular case. Under ordinary circumstances, 
the height of the top of the embankment above the crest of the 
waste weir should be for 

an embankment 25 ft. deep, 4 ft. 
„ 50 ft. „ 5 ft. 

„ 75 ft. „ 6 ft. 

and for greater height of embankment the difference of level may 
be proportionately mcreased. 

when the configuration of the ground does not afford any 
facilities for the construction of a waste weir after the manner 
described, sufficient provision for the escape of the overflow is 
made through a waste pit, as shown in Fig. 12 — section of the 
Doe-park reservoir embankment. This waste pit, or tower, is 
generally a circular structure built over the outlet culvert inside 
9ie reservoir, and serves equally for access to the valves and for 
the escape of the flood water. With regard to the capacity of 
the waste weir or waste pit, whichever be adopted, it will be 
necessary to make ample provision for the discharge of the 
sudden accessions of flood water that reservoirs are subject to, 
and which so seriously imperil their safety. To provide for 
this there is an empirical rule amongst engineers that is sup- 
posed to sufiice for the most urgent contingencies. It states 
that there shall not be less than § ft. of length of overfall for 
every hundred acres of gathering ground, but it is obvious that 
to proportion the length of the waste weir to a given area of 
country in all cases would be unreasonable. 

The discharge over the weir will not depend only upon the 

auantity of rain falling on a certain area of ground, but also on 
lie extent of the reservoir as compared to the gathering ground, 
and on the flat or precipitous character of the oasin. The onlv 
safe mode, then, of proportioning the length of the escape will 
be to ascertain with exactness what the cGscharge of the stream 
or streams flowing out of the reservoir was during the greatest 
known flood, and then fixing upon an arbitrary depth for the 
water to flow over the weir, say 2 ft. or 3 ft., to calctilate what 
length of overfall will suffice for the discharge of the excess 
water. In India, where large waste-weir accommodation is 
essentially necessary, while it is equally a necessity to save eveiy 
gallon of water that is possible, it is a common practice to form 
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a temporary dain^ of earth and sods, on the top of the waste 
weir ; this serves to pond up some 3 ft. or 4 ft, of water over the 
whole surface of the reservoir, and does not imperil the security 
of the works. In times of heavy floods the water rises and 
overtops the temporary dam, and no sooner does so, than the 
whole is carried away, and the water in the reservoir quickly 
subsides. 

In works designed for the supply of towns, it is sometimes 
necessary to make provision to arrest the entrance of flood-water 
into the reservoir, as the streams may come down charged with 
lar^ quantities of matter in suspension that would injure the 
punty of the water for domestic consiunption. These streams 
may be diverted and carried round the margin of the tank past 
the dan^ and can be admitted into the channel of the stream, or 
be utilised for mill power. On the Manchester Waterworks are 
constructed across the mountain streams weirs of an ingenious 
design, for the purpose of separating the flood-waters from the 
ordinarv flow. Fig. 13 is a transverse section through one of 
these, showing the way in which the weir acts when the stream 
is at flood. The dimensions are adjusted from observations of 
each particular stream, so that the discharge up to a certain 
amount will take place into the channel for the supply of the 
town : but when the discharge increases, and the water oecomes 
turbid, it has suJBScient velocity to carry it over the opening, as 
shown in the diagram, and flows down to the compensation re- 
servoir for the supply of mill power. 

In determining the dimensions of a weir of this kind, it is 
first to be ascertained what the mean velocity of the water 
flowing over will be for a given depth of water, A, above the crest. 
The mean velocity, r, wUl oe 

t)=| X 8-024 VX= 5-35 VX 
o 

If the vertical height of the crest of the weir above the point to 
be overleaped by the cascade be called ^, the distance across 
will be : _ 

^W5_4 

Before concluding, it will be Well to give a brief consideration 
to the causes tending to the failure of embankments. The fore- 
going remarks will, m suggesting the best mode of construction, 
hate anticipated much that imght be said on the subject of 
f ailuj*es ; but there are a few points, the recapitulation of which 
the importance of the subject demands. 

There are unfortunately on record accidents, if they cftn be so 
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called, from the bursting of embankments^ that if estimated by 
the loss of life attending them, are as appalling as anything 
within the memory of ^man. Thousands of human lives have 
been sacrificed to ignorance and false economy, as well as in 
some instances to natural defects that it would have been diffi- 
cult to foresee. 

The existence of springs on the site of an embankment is an 
undoubted cause for apprehension, and considerable care should 
be taken to carry all water from this source away, that it may 
not, as it certainly will if not checked, force its way between the 
surface of the ground and the seat of the embankment. In doing 
so there is eyery probability that the earth of the embankment 
will be washed out by constant trickling till a fissure is formed 
of sufficient dimensions to render the destruction of the bank a 
certainty, if the water from the reservoir should ever penetrate 
so far. As a provision against this source of injury, all springs 
foimd on the site of an embankment should be taken up and 
carried away in proper drains, sufficiently and securely puadled. 
Thus the water is confined to a single channel, and has no ten- 
dency to soak into the earthwork and blow it up in endeavour- 
ing to escape. In embankments of all kinds the presence of 
water is a most serious evil, and one by which may be accounted 
for some of the most extensive landslips that are on record. It 
is erroneous to assume that when water is the active element in 
producing disruption in an embankment or mass of earth of any 
kind, that it only acts as a lubricant between the surfaces in 
contact. The truth is, the bulk of earth is sensibly affected by 
the amount of moisture in it, as is seen in the subsidence of 
newly formed railway banks when exposed to rain. If then a 
sufficient quantity of water find its way into the centre of a 
bank that has been put together in a comparatively dry state, it 
will rise and soak into the earth until at length what was a solid 
mass becomes semi-fluid, settles into a smaUer space than it be- 
fore occupied, and as a consequence will leave a vacuity above 
it. The mevitable result is the subsidence of the superincumbent 
earth ; but instead of resting, as at first on a resisting material, 
it floats, so to speak, on the semi-fluid mass underneath, and 
having little or no friction to overcome, slips away to a lower 
angle than it before stood at. Natural springs therefore, when- 
ever they occur, must be dealt with carefully and completely. 
Exactly similar effects to those produced by natural springs may 
result from the defective practice of carrying outlet pipes through 
or immediately under embankments. Be the pipes ever so well 
puddled, there will be a tendency to trickling along the line of 
their direction, and assuredly if this trickle makes its way to the 
centre of the bank it will cany mischief with it. It is true that 
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springs are occasionally found issuing from the foot of an em- 
bankment, without after several years causing any appearances 
to justify apprehension. The Doe-park reservoir is an example 
in pointy ana though at one time fears for its safety were enter- 
tainedy the embankment is still standing, and, so far as the 
author is aware, the spring is still trickling away. An engineer 
of eminence was called upon to report upon the state of the 
works, and gave his opinion that, as the spring came away with- 
out any eartn in suspension, there was no mischief taking place, 
and that the work was in a safe condition. There is no doubt 
that embankments in this condition require to be narrowly 
watched, although the presumption may be that, having lasted 
for several years, they will continue in safety. 

The empirical and unscientific mode of proportioning the 
len^h of waste weirs has proved before now a source of danger 
ana destruction to embankments, from the space afforded not 
being sufficient to discharge the excess water without the surface 
rising to such a height as to top the embankment. To avoid 
risk, the stream must be gaugea with great care, and the dis- 
charge calculated for the greatest known flood ; and if with a 
given head the length of the weir be adjusted to discharge this 
amount, or a little m excess, there will be no risk to the embank- 
ment. 

' Regarding finally the whole subject, the danger that may 
result from careless or unscientific construction, the large outlay 
entailed in the establishment of storage works, and the benefit 
that may accrue from them whatever their purpose may be, the 
subject cannot be undertaken on merely rational grounds. Its 
successful application will rest alone on the study of the question 
in its scientific details, and an ample practical experience. 

DISCUSSION. 

Mr. H. P. Stephenson said he entirely agreed with the 
author as to the impropriety of carrying a pipe through the em- 
bankment of a reservoir. He would extend his objection to the 
passing of a culvert through the embankment. If the culvert 
were laid on the natural ground, they would avoid the risks 
pointed out by the author, either of the settlement from the 
joints of the pipe, or of the water creeping along between the 
material and the pipe. He believed that the true principle of 
construction for reservoirs was the placing of a good puddle dam 
in the centre, and on each side of'^this oam layers of earth well 
punned in. One reason why he should prefer the puddle wall 
in the centre was that there was less tendency in the puddle to 
slip in such a position than when laid on the slope. 
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Mr. Ai«BEBT Latham agreed with Mr. Stephenson in his 
remarks as to the pipes and culverts ; but he thought it was an 
open question whether the puddle wall should be m the centre 
of the dam. He had a strong opinion that it should be on the 
face of the dam. 

Mr. Caboill said that he believed that the reason the nuddle 
wall was not required in Indian embankments, referred to by the 
author of the paper, was that the earth seemed to have been 
thoroughly consolidated by the continual trample of people 
upon it. That thorough consolidation was the great point in all 
puddling, and it was on that account that specifications were 
generally so stringent as to the thickness of the layers of the 
puddle. As to the position of the puddle wall) he could not see 
the particular value of having it in the middle of the dam, and 
he thought that a far better place for it would be the face, 
because the object of the pudole wall was to prevent the infil- 
tration or the escape of the water. This could be effected by 
?uddlin^ the whole slope right down to the nermanent stn^ta^ 
^he puadle wall was not required to promote tne stability of the 
dam. The question of puttmg pipes or culverts under the dam 
required more consideration. It was alleged that the putting of 
a naked pipe through the dam of the Bradfield reservoir was 
one of the causes of its bursting. In some very large watei^ 
works now being constructed in Dublin there were two distinct 
sets of main pipes, and they were laid in two large culverts at 
the bottom of the dam. The culverts were large enough for a 
man to walk upright in them. If the foundation were well 
looked after, there would be no fear of the arch or dome of the 
culvert giving way in consequence of any inequality of pressure 
above it, as, if properly constructed, an arch would stand any 
amount of pressure short of what would crush the material. 

Mr. Baldwin Latham said he could not agree with Mr. 
Jacob that a dam could not be constructed from theoretical de- 
ductions ; for unless regard was paid to ^eoretical considerations 
there might result either a deficiency of strength or a waste of 
material and labour. In the dam shown in the drawings, and 
designed by himself, the pipe did not run through, but on the 
outside of the dam, on the solid ground. It was a well received 
opinion among engineers that if you had a pipe or culvert run- 
ning through an embankment, that pipe or culvert would be 
unsafe. He believed that well made and properly tested pipes 
were quite as safe as culverts when in the solid ground. A pipe 
was simply a small culvert made of iron instead of brickwork. 
In cases in which there was a tendency for the water to creep 
along the outside of the pipe, that might be stopped by having 
projecting flanges on (he pipe. The same creeping of water 
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might take place along a culvert as along a pipe. With regard 
to the slope of a dam, the inside slope should he greater than the 
outside slope, hecause the creater would he the stahility of the 
dam, and the water womd have less destructive effect on 
the dam: he had effectually prevented leakage by the use 
of socket-pipes. The square projection of the sockets was 
always presented to the reservoir, and the pipes were laid 
in the virgin ground. It was very bad practice to lay the 

fripes in made ground, and especially through a dam. Pipes 
aid under a dam should be tested under pressure sSter being 
laid and before beine covered up, so that any defective joint 
might be discovered. In cases in which he had laid pipes 
through dams, they had been so tested, which resulted in good 
and effective work ; but he was bound to say that, if the pipes 
had not been tested in sitUy that the result would not have oeen 
satisfactory. 

Mr. ScHoNHEYDER Said that Mr. Jacob had said that 
wherever springs occurred they should be well carried away. 
He (Mr. Shonheyder) wished to know how a spring was to be 
prevented from cliffusing through the earth. 

Mr. Hendry said that he nad seen pipes which were laid 
through embankments, but had never seen one that was per- 
fectly tight. It was almost impracticable to make it so, owing 
to the continuity of the pudale being disturbed at the point 
where the pipe passes through. 

The Chairman asked what was the largest diameter of pipe 
Mr. Hendry had seen used I 

Mr. Hendry replied that the largest was 18 inches. He had 
heard of several methods being tried, but he did not think it was 
possible to prevent leaking, more or less, from the reservoir 
along the outside of the pipe. He should like to be informed 
how it was possible to connect the puddle with the pipe; if the 
pipes be laid in the natural ground below the foundation of the 
embankment, then there is no fear of leakage, provided the 
pipes are properly laid. 

Mr. Jacob, in replying to the discussion, said, that in the 
opinions that had been expressed there were but few points of 
disagreement with those that he himself held. He could not 
agree with Mr. Latham in his belief that embankments could be 
calculated on mathematical principles. In order to deal with 
embankments theoretically, they must be regarded as rigid 
masses, and be assumed to rest upon a horizontal plane. It could 
be shown mathematically that a rigid body of the same specific 
gravity as ordinary earth need not present the same section as is 
usually given to embankments, in order adeauately to resist the 
pressure of water. A right-angle prism witn the hypothenuse 
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resting upon the plane would be auite sufficient to resist the 
pressure of water, even supposing trie surface of the wat^: to 
coincide with the upper edge of the prism. The reason of 
giving long slopes to an embankment is discoverable from the 
fact wat banks, when exposed to the action of water, are found 
to waste and slip awav to such an angle as will withstand the 
action of the water. The chief reason of the failure of embank- 
ments is the infiltration or soaking of the water from the inner 
side, which renders the material semi-fluid and causes it to sub- 
side into a smaller space than it originally occupied. The 
superincumbent mass tnen sink3 and allows the water to over- 
top the embankment. The earth used for making embankments 
in the Deccan and in parts of the Madras Presidencv in India is 
of a most suitable quality for the purpose. It is what is called 
" black soil," being very dark in colour, and of a highly argilla- 
ceous character. The colour is no doubt due to the presence of 
carbon. The clay makes most excellent puddle ; but no doubt 
the consolidation produced by the tread of the workpeople is the 
real secret of the earth resisting the pressure of water so success- 
fully as it does. In North America, the levies for protecting the 
country from flooding by the Mississippi are sometimes con- 
structed simply of sand ; and are found, tor the most part, suffi- 
cient for their purpose. As regards canying away springs from 
the seat of an embankment, there is no difficulty in ascertaining 
where they exist when the ground is laid bare, as they are gene- 
rally well defined streams. Before the earthwork is commenced 
it is necessary to construct drains of masonry, or brickwork, or 
to lay iron piping to carry away the water clear of the work. 

The Chairman said that the paper of Mr. Jacob was a very 
interesting one, and the subject was one which, during the last 
year or two, or, he might ^say, within the last week or two, had 
commanded the attention of the whole body of engineers. Last 
session a special Act of Parliament was passed that all reservoirs 
and embankments should be constructed to the approval of the 
Board of Trade. The subject of irrigation in India, which was 
alluded to in the paper, was one of vital importance. There was 
no question that tne only means we had of irrigating that 
country in an efficient manner was by the construction of 
reservoirs. 



THE END. 
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